


AD=A061 667 NAVAL TRAINING EQUIPMENT CENTER ORLANDO FLA F/6 5/9 
MOTION IN FLIGHT SIMULATION! AN ANNOTATED BIBLIOGRAPHY. (U) 
JUL 78 J A PUIGs WT HARRIS + 6 L RICARD 

UNCLASSIFIED NAVTRAEQUIPC-IH-296 








ADAO61 68% 


_? 


- 
ae 


> 
eA 
<n) 
oo 


: 


DOC FiL 








DISCLAIMER NOTICE 


THIS DOCUMENT IS BEST QUALITY 
PRACTICABLE. THE COPY FURNISHED 
TO DDC CONTAINED A SIGNIFICANT 
NUMBER OF PAGES WHICH DO NOT 

REPRODUCE LEGIBLY. 














i : 


Technical Report: NAVTRAEQUIPCEN IH-298 


Motion in Flight Simulation: 
An Annotated Bibliography 


JOSEPH A. PUIG 
Human Factors Laboratory 


WILLIAM T. HARRIS 
Advanced Simulation Concepts Laboratory 


and 


GILBERT L. RICARD 
Human Factors Laboratory 


July 1978 


GOVERNMENT RIGHTS IN DATA STATEMENT 


Reproduction of this publication in 
whole or in part is permitted for any 
purpose of the United States Government. 





ee 






YT SIE. sodas 
OISTRIBETION/ARAMAZIIT: copes 





Approved: 


VINCENT J. SHARKEY 
Head, Human Factors Laboratory 


FRANK J. OHAREK 
Acting Head, Advanced Simulation Concepts Laboratory 


JAMES S. DUVA 
Director 
Research and Technology Department 


A ‘ 
NAVAL TRAINING EQUI a , 
ORLANDO, FLORIDA®32813 
























a 


SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 








REPORT DOCUMENTATION PAGE 


uaihen se ~ 
OTION IN. FLIGHT SIMULATION: 
AN ANNOTATED BIBLIOGRAPHY . 


JOSEPH, A./PUIG, WILLIAM T./HARRIS{ and 
GILBERT _L-7RICARD 7: 


READ INSTRUCTIONS 
BEFORE COMPLETING FORM 



















10. PROGRAM ELEMENT, PROJECT, TASK 
AREA & WORK UNIT NUMBERS 


NAVTRAEQUIPCEN 
Task 7744 






Department of the Navy 
aval Training Equipment Center 
ando, FL 32813 


Sa. OECL ASSIFICATION/ DOWNGRADING 
SCHEOULE 


Approved for public release; distribution unlimited. 


17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different trom Report) 


18. SUPPLEMENTARY NOTES 





19. KEY WORDS (Continue on reveree aide if necessary and identify by block number) 
Motion simulation Motion drive algorithms 
Simulator sickness (motion sickness) Motion simulation requirements 
Effects of motion Motion simulators 

Flight training Cost-effectiveness 














20. ABSTRACT (Continue on reverae aide if necessary and identify by block number) 


In support of Project 7744 - Motion Drive Signals for Flight Simulators, a 
review of the literature concerning motion simuTatton was conducted. Abstracts 
were included for 682 references. A primary objective of this review was to 
compare data from the various studies to identify general trends on the effects 
Of motion on performance and training. The publications were listed alpha- 
betically by author, chronologically, and also grouped into eight major cate- 
gories as follows: reviews and bibliographies; equipment descriptions; 





le 


DD en's: 1473 carrion oF 1 wov 6818 opsoveTe UNCLASSIFIED 


S/N 0102-014- 6601 | 





SECURITY CLASSIFICATION ‘we 


390 YEA AB 


wy 








N 


A 
4 
4 
‘a 
T 


an Becca tats ake 








i 
LGUERETY CLASSIFICATION OF THIS PAGE(When Date Entered) 


[ten 20. Continued. : b 


equinements; algorithms and drive techniques; effectione of motion; evaluation; 
tical motion, and cost effectiveness. N 


UNCLASS IF TED 


C—O ee 
SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered) 





NAVTRAEQUIPCEN IH-298 
PREFACE 


In all, 682 documents are annotated in this bibliography, each annota- 
tion providing a nonevaluative summary or abstract of a document's contents. 
The text of the report attempts to synthesize the results from various studies 
grouped into particular categories. We cannot claim that this bibliography is 
comprehensive as some material has not been available and the time contraints 
imposed by the necessity of meeting project deadlines have curtailed our search 
activities to some extent. If the reader knows of any pertinent documents 
which we have overlooked, we would appreciate being notified of the title, 
author, publisher and date, or better still -- having a copy of the publica- 
tion forwarded to us. 


The Defense Documentation Center (DDC) was a principal document source 
which provided a search of Work Unit Summaries and reports concerning motion 
simulation. In addition, searches were provided by the NASA Scientific and 
Technical Information Facility, the National Institute of Education, US De- 
partment of Health, Education and Welfare, the Smithsonian Science Information 
Exchange, Inc., and the Defense Logistics Studies Information Exchange, US 
Army Logistics Management Center. 


Many titles were obtained from previous research studies such as the 
Boeing report by Graham (1968) which listed 195 references about 20 of which 
concerned motion simulation directly and many which dealt with vibration, 
turbulence and acceleration. 


Many persons provided assistance in the preparation of this technical 
report. Outstanding contributors who deserve our grateful acknowledgement, 
were: Dr. Rex C. Thomas of the Human Factors Laboratory* who contributed 
significantly to this project by compiling several hundred references during 
the early part of this project; Miss Harriet Deas and Mr. Ray Miller who 
provided computer programming services; Miss Billie Campbell of NAVTRAEQUIPCEN's 
Technical Library who tracked down numerous elusive documents; Mrs. Sara "Pat" 
Backstrom, Mrs. Cheryl Evans, and Mrs. Jeanette Price who cheerfully typed 
hundreds of abstract cards; and last -- not in order of importance but because 
she put the finishing touches on it -- Mrs. Muriel Cook, who painstakingly 
organized and typed the manuscript while doing a cryptanalysis of our hand- 
writing. 


We are also grateful to Mr. John C. Dusterberry, Special Assistant to the 
Director, NASA Ames Research Center for contributing Tables 1 and 2 on motion 
systems in government and industry which originally appeared in ASRO Report 
75-1, A Technical Assessment of U.S. Army Flight Simulation Capability and 
Requirements for Aviation Research and Development by Burke, J.; Dunn, R. S.3 
Dusterberry, J.; Key, D. L.; Sinacori, J. B.; and Xerakis, G., April 1975. 
Mr. Dusterberry also sent us several recent reports that had escaped our 
search. 


Barly with the Fleet Combat Direction Systems Support Activity, Dam Neck, 
Virginia. 
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Thanks are also due the following persons who contributed relevant 
watertal to this document: 5 


My. Robert Browning, Training Analysis and Evaluation Group 

Dy. Stanley C. Collyer, Human Factors Laboratory, NAVTRAEQUIPCEN 
My. Bon D. Doty, Patent Counsel, NAVTRAEQUIPCEN 

My. Carl R. Driskell, System Engineering, PM Trade, NAVTRAEQUIPCEN 
My. Av@rew M. dunker, 6570th Aerospace Medical Researth Laboratory 
Ms. Gayle E. Nance, Patent Counsel, NAVTRAEQUIPCEN 

My. Dow Noviten, Human Factors Laboratory, NAVTRAEQUIPCEN 

My. Vincent J. Sharkey, Human Factors Laboratory, NAVTRAEQUIPCEN 
Atvwan Lois Short, Williams Air Force Base, AZ 

Capt. Thomas W. Showalter, USAF, Ames Research Center, CA 
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SECTION I 
INTRODUCTION 


"If we could first know where we are, and whither we are drifting, we 
could better judge what to do and how to do it." 


Abraham Lincoln 


PURPOSE 


The purpose of reviewing these publications was twofold: (1) to provide 
background material for NAVTRAEQUIPCEN Project No. 7744 - Motion Drive Signals 
for Flight Simulators and (2) to attempt to determine the consensus arte 
the various questions concerning justification for including or excluding 
platform motion in simulators designed for flight training or research. In 
considering the latter, perhaps the best way to approach this question is to 
consider the main issue as the generation of proper motion cues to teach 


specific training objectives rather than simply proposing to include or ex- 
clude motion. 


This review has also been an attempt to categorize studies formerly con- 
ducted concerning these questions and determine the direction in which results 
point. Unfortunately, most questions pertaining to the necessity for including 
platform motion in simulation do not have simple answers since most matters re- 
lating to this topic are complex. 


APPROACH 


The approach taken is shown diagrammatically below: 
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Orrelate data from studies to find commonalities and 
generalizations on effects of motion on performance 
and training. 





WORK ITEMS: 
1. Literature review 
2. 


Compilation of bibliography 
3. Preliminary report on effects of motion 
It seemed like a worthwhile effort to gather as much information, both 
objective and subjective, on the problem of motion simulation as was available 
at this time and to take another look at what the consensus tells us. As in 
sO many other controversial issues in science, the truth probably lies some- 


where in the middle, rather than at either extreme. It is not a matter of all 
or none. The need for motion appears to be task specific. It may be required 
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in order to train certain tasks but may not be required for others. A related 
matter concerns how the motion is simulated. A G-seat and simple buffet mech- 
anism may suffice in many simulations. As Oscar Wilde said, "The truth is 
never Simple, and rarely pure." 


Another very practical question concerns the economics of the training 
program. Are the advantages of simulated motion in a specific case sufficient 
to justify a large economic burden, or will these advantages be nullified with- 
in the first few in-flight sessions? 


Many studies have been criticized for lack of proper experimental controls 
or as being subjective; however, if we were to await the “perfect experiment" 
nothing would get done. In many cases, particularly in field studies, it was 
Tmpractical to apply the controls which are possible in a Taboratory setting. 
For this reason and at the risk of appearing unscientific, we included some 
Studies ‘based on quasi-experimental designs, some on nonexperimental designs, 
and ‘some ‘based solely on subjective opinion; accepting conclusions or at- 
tempting to draw conclusions despite the lack of experimental rigor. 


One distinction that should be kept in mind when reviewing these reports 
is whether the application is towards engineering research or training. \Al- 
‘though there are common factors in simulation to both of these areas, there 
are also important differences. Degree of realism is one difference. Re- 
search simulation is concerned with the broader aspects of new designs in an 
attempt to uncover and study previously unrecognized problems which have not 
yet been experienced in the operational situation -- problems which could 
Tead to disastrous results if they were not accounted for in the design of 
the aircraft. The training simulator, on the other hand, attempts to repro- | 
duce the assence of situations that a pilot currently experiences in the oper- 
ational environment. Generally, this means that the flight training simulator 
concerns Ttself with the fine details of recoanized tasks, whereas research 
simulators are concerned with the broader aspects of new designs (Harper, 
1964). As a result, greater physical fidelity is usually desired in training 
simulation. Pressures arising from acceptability by the user is another 
reason for the emphasis on physical fidelity in the training simulator. The 
reader is encouraged to read Rolfe (1968) for a discussion on the training/ 
research dichotomy. 


Dr. J. Gundry, in his paper "Man and Motion Cues" (1976), described the 
current situation on the effects of motion on training in the following quota- 
tions: 


“When a flight simulator is used for pilot ‘training, it must 
presumably be a requirement of the motion system that it justify 
its expense by being an aid to training. Unfortunately there is 
no experimental evidence that the presence of flight simulator 
motion aids training. In the following paper, much will be said 
about the effects of simulator motion on pilot performance. It 
will be shown that the presence of simulator motion has a_bene- 

ffect upon 0 yformance. Yet it must be remembered 
4 $ prhot performance 1s not synonymous with pilot trating. 
ymance 1s measured by errors ae control activity observed 
in a Simulator, whereas pilot training is measured by the number 
of aircraft hours that can be replaced by simulator hours in order 
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to give equal proficiency in flight. Whether a pilot performs 

better or worse in a simulator as a result of motion cues bein 

present Ts of little consequence to him or the training organiza- 

tion there 1s no effect upon s training. Owever, pertorm- 

ance and control activity aivrevancee with and without motion are 

of great interest to psychologists and engineers, and this paper 

will review some of the evidence on this topic. By analysing the 

effects that motion cues have on performance, it Ts possible to 

offer some recommendations about procedures for determining t 

uality of motion cues that need to be provided in simulators 

used for routine training.” (UnderTining ours.) 

Some confusion may arise, however, from the statement that, "...there is 
no experimental evidence that the presence of flight simulation motion aids 
training." Dr. Gundry apparently uses transfer of training to the operational 
situation as his criterion. Admittedly, the most definitive answers to the 
training effectiveness question are obtainable via the transfer of training 
model. The problems of control and implementation, however, are particularly 


difficult at this level of evaluation, and in training of emergency procedures 
would constitute a safety hazard. 


Despite some shortcomings when compared to the transfer method, there are 
several other approaches to training evaluations. In these approaches, 
learning may be demonstrated through measured performance improvement in the 
same simulator, or comparative evaluation of different devices, or training 
programs. This type of experimentation has the advantage of being practical 
when conditions, such as safety considerations in emergency procedures, pre- 
vent true transfer of training experimentation. An example is a study con- 
ducted to evaluate the use of visual and motion cues on engine failure train- 
ing in the KC-135 Aircraft (DeBerg et al, 1976). Another problem area in 
transfer experiments is that of measurement. It is difficult enough to take 
appropriate measurements in the simulator, but additional difficulties arise 
in taking comparable measurements in the operational situation. 


Performance in the simulator may be useful as an indicator of training 
effectiveness if the training program has been designed with the training ob- 
jectives clearly stated and measurement criteria clearly related to these 
objectives. Another requirement is that pilot control behavior be monitored. 
It is not sufficient to monitor system performance, as pilots can readily 
adapt their control activities to compensate for simulator inadequacies and 
produce the desired system output. Dr. Gundry alludes to using evidence based 
on performance as an indicator of training effectiveness in the last sentence 
of the paragraph quoted above when he states: 


"By analysing the effects that motion cues have on per formance. 
it is possible to offer some recommendations about procedures for 
determining the quality of motion cues that need to be provided in 
simulators used for routine training." (Underlining ours.) 


The question of experimental evidence that the presence of flight simula- 
tion motion aids training is, then, dependent upon the rigor and level of the 
experimental design that the researcher is willing to accept. If operator 
performance improvement in the simulator is acceptable, there is evidence 
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both pro and con on this issue. The reader is referred to Section VI for a 
discussion on several studies concerning the effects of motion, 


ORGANIZATION OF THE REPORT. There are nine sections to this report, including 
this introduction. Sections II through IX discuss the categories of the 
annotated references as listed in the Table of Contents. So as not to inter- 
rupt the continuity of the text, all tables and listings are included at the 
end of the report. Tables 1 through 7 appear immediately after Section IX 

and are followed by Appendix A, the listing by categories, Appendix B, the 
chronological listing and, Appendix’ C, the alphabetical listing which contains 
the abstracts. 


12 
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SECTION II 
REVIEWS AND BIBLIOGRAPHIES 





The differences of opinion as to whether motion is required for flight 
training has created an interest in experimental studies and review articles 
concerning this area of specialization. Most of these publications have been 
sponsored by the Department of Defense, the National Aeronautics and Space 
Administration, and the Advisory Group for Aerospace Research and Development 
of the North Atlantic Treaty Organization. These reviews and bibliographies 
have been grouped together in Appendix A. 


Included among these publications is the hearing before the Subconmittee 
in Research and Development of the Committee on Armed Services, U.S. Senate 
94th Congress, May 13, 1976. This publication presents an interesting back- 
drop for the motion/no motion controversy and, as stated by Senator Barry 
Goldwater in the opening statement, is unique in being the first hearing 
directed exclusively to flight simulators. 


$ 
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SECTION III 
EQUIPMENT DESCRIPTIONS 


Cockpit motion hardware equipment descriptions are frequently found in the 
literature. Often the descriptions are of research tools used either for air- 
craft development or in training research. A logical grouping of the facili- 
ties descriptions may be accomplished by categorizing the descriptions by re- 
search organizations. For example, NASA Ames Research Center, has had its 
equipment described, in general, by several authors: Dusterberry and Barnett 
(1963) and Rathert ¢1970). The Flight Simulator for Advanced Aircraft (FSAA) 
ts described by Bray (1971), Bray (1972) and Zuccaro (1970). Their centrifuge 
is described by Sadoff (1962) and Johnson (1963). Description sheets were 
prepared in 1970 which outline features, performance specifications and the 
limitations of the NASA Ames flight simulators. 


NASA, Langley Research Center, has had its equipment described in general 
terms by PaTThips; QueTjo and Adams (1963) and Stitt (1977). Ashworth and 
Kahlbaum (1973) described the Differential Maneuvering Simulator and its 
buffet mechanism. Ashworth and Parrish (1976) describe their general aviation 
simulator and changes made to its cockpit motion drive model. Brown and 
Johnson (1959) described the Normal Acceleration and Pitch Simulator. Eldridge 
and Crane (1966) provided information on the simulation used for the Super- 
sonic Transport. 


The US Navy has been well represented by the Naval Air Development Center 
and the contrifu e simulations which were performed there. Brown (1959) 
Brown, KeuhneT, Nicholson and Futterweit (1960), Clark and Woodling (1959), 
Crosbie (1956), Chambers and Nelson (1963), Hardy and Clark (1959), Hitchcock 
(1964) all provide descriptions of various simulations ranging from turbulence 
to the X-15 aircraft. Browning, Ryan, Scott and Smode (1977) provide some 
description of the P3-C simulator on which they were conducting transfer of 
training studies. Wampner (1971) reported the capabilities and requirements 
of motion simulation systems which had been procured by the Naval Training 


Equipment Center at that time. 


The Air Force too is well represented in describing their simulation 
equipment. Westbrook (1964), provided a review of their piloted simulation 
facilities, classified, discussed how and why the facilities were needed and 
came to be, and were used. Valverde (1968) reviewed simulator R&D that was 
sponsored by the US Governmental agencies. His topics include visual and 
motion, transfer of training utilization and evaluation. Dunlap and Anderson 
(1974) and Dunlap and Worthey (1975) presented USAF master plans for simula- 
tors. Hyde (1963) and Goltra and Hyde (1965) discuss centrifuge simulation 
equipment. Gum and Albery (1976) and Matheny, Gray and Walters (1975) discuss 
the Advanced Simulator for Pilot Training and some of the problems encountered 
with integrating its visual and motion simulations. Haas, Holtz and Mills 
(1973) discuss the Large Amplitude Multi-mode Aerospace Research (LAMAR) Simu- 
lator manufactured by Northrop for the Flight Dynamics Laboratory. 


Several ¢ rcial firms have published the performance capabilities of 
their cockpit Gotten hardware. The Franklin Institute system and others were 
discussed by Bell personnel (Anon 1960), Hackler (1960), and Sgro and 
Dougherty. (1963). Kennelly (1959) described a Grumman research simulator, 
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and Gallagher and Nelson (1973) described the Northrop Large Amplitude three 
axis flight simulator. Sylvania provided a description (Anon 1963) of the 
Universal Digital Operational Flight Trainer in 1963. The SAE surveyed the 
R&D simulators in use in 1964 and published (Anon 1964) a summary. Chalk and 
Wasserman (1976) of the Calspan Corporation published an additional survey of 
needs, requirements and equipment used in a report for the Office of the 
Assistant Secretary of Defense. Kelly (1970) published an interesting history 
of simulation (and motion issues) in general, and the Link Company in particu- 
lar. The B-58 trainer motion system was described by Miller (1960), and the 
B-747 trainer motion system was described in Aviation Week and Space Technol- 
ogy (1968) by Stein. 


Perhaps the most succinct of al] the equipment descriptions appeared in 
ASRO Report 75-1 (Burke et al., 1975). All the R&D simulators in use in 
industry and the various governmental agencies were summarized in tabular 
format and are reproduced here as Tables 1 and 2 for the reader's convenience. 
An amendment has been made to include the Naval Training Equipment Center's 
new research tool, the Aviation Wide-Angle Visual System (AWAVS) cockpit 
motion base description. 


Our European colleagues have provided many descriptions of the cockpit 
motion hardware in use in their R&D activities. Kidd, Bull and Harper (1961), 
Harper (1964), and Quigley (1964) detailed the capabilities of the AGARD Re- 
search simulators then in use. Davis and Beadsmoore (1970), Rolfe (1973), 
and Edenborough (1968) discuss the new generation of simulators, the user 
opinion of simulators with and without cockpit motion in use in the RAF and 
the development of simulator hardware. Warton (1972) details some of the 
engineering and design considerations of control and safety with respect to 
the development of the RAE four degree-of-freedom cockpit motion base. The 
six degree-of-freedom Dynamic Manned Vehicle Simulator used by the British 
Aircraft Corporation was described in Aircraft Engineering (Anon, 1972). 


Ruehamn (1975) describes a West German R&D cockpit motion simulator. The 
mechanical hydraulic and electrical components of the system are described 
fully. Koevermans and Jansen (1975) provide equipment and performance de- 
scriptions of the new four degree-of-freedom motion system in use at the Dutch 
National Aerospace Laboratory. The hardware is specialized in having very low- 
friction hydrostatic bearing surfaces resulting in extremely low noise and 
friction levels. 


Force cueing devices of various types have been studied in an attempt to 
simulate waranttone of accelerations in simulators without producing motion 
of the magnitude experienced in the operational situation. As it is intro- 
spectively difficult to distinguish vestibular from somesthetic sensations, 
this approach may offer a simplified and less expensive solution, to the simu- 
lation of motion. 


The G-seat concept of "dynamic seat," a term coined by Goodyear Aerospace 
Corporation (Barrett, Cabe, Thornton, and Kerber, 1969) is a device in this 
category which has received a great deal of attention within the past few 
years. The Air Force has developed G-seats with Singer-Link Division as sub- 
contractor (Kron, Young, and Albery, 1977; Albery, Gum and Hunter, 1976). 
NASA, Langley has developed a simpler seat with faster response time (Ash- 
worth, McKissick, and Martin, 1977). Some experimentation is being pursued 
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to determine if the G-seat can be used as a substitute for the larger, more 
complex motion platforms. For a comparison of the results of evaluative 
studies conducted on the G-seat, see Table 3. 


During the early stages of development, the G-seat was envisioned as an 
inexpensive substitute for motion platforms, however, as the cost of motion 
platforms have decreased, the cost of G-seats have increased to the point 
where there is not much savings -- unless the simpler NASA Langley seat can be 
manufactured at a low cost and is shown to be effective in training. The Air 
Force also #s giving consideration to the development of a second generation 
G-seat which will improve response time and provide a seat with both onset 
and sustained cueing capability at a lower cost than that of current G-seats 
(Albery, Gum, and Hunter, 1976). 


Another force cueing device, originally designed to protect pilots from 
the effects of centrifugal force encountered in flight, is the G-suit, an 
automatically inflating pneumatic pressure suit (Mazer, 1945). "Its use has 
been reported to provide essential sustained cues during simulation of high G 
maneuvering (Huttom et al., 1976). 


Some early work done in the field of "force cueing" is described by 
Christensen and Johnson (1958). Their study, concerned with means of pro- 
ducing simulated forces, was divided into four main categories: (1) hydraulic 
and pneumatic transducers, (2) heavy fluids, (3) electrical stimulation, and 
(4) electromagnetic systems. 


PATENTS 


a] 


The evolution of cockpit motion hardware may best be traced through the 
offices of the U.S. Patent Office and the patent offices of foreign countries. 
Many unique and interesting schemes have been used in the past for training 
aviators better. It appears that some type of cockpit motion was usually 
deemed necessary by the training community and the inventors of the training 
equipment. Many of the early patents described a collection of multipurpose 
hardware which could be used either as an aviation training device or as an 
amusement park entertainment apparatus. Two of the earliest training tools, 
“The Sanders’ Teacher" and "The Eardly-Billing Oscillator," were built around 
1910. They were not commercially successful; however, and it was not until 
1929 that the first “successful” trainer, patented by Ed Link (PN 1,825,462- 
-1931), was placed in use. Figure 1 depicts this famous patent.. 


Two early European patents were issued to Lender and Heidelberg (PN 
13,332 and PN 127,820) around 1918. They described a device (Figure 2), 
designed to train aviators, which had a cockpit motion system and many varia- 
tions in its implementation. Most interesting was the use of pneumatic cylin- 
ders to effect the motion; however, hydraulics and articulated beams were also 
mentioned as alternative motion producing techniques. 


Two patents were issued to W. G. Ruggles (Figure 3) for his aviation 
training devices known as “orientators" TPN 1,342,871--1920 and PN 1,393 ,456- 
-1921). A. Bisch (PN 1,791,655-1931) was so strongly of the opinion that 
motion cueing was important that he mounted a scaled-down aircraft on a tether 
and boom arrangement and pulled the aircraft through the sky to provide that 3 
cueing. Figure 4 depicts this interesting motion producing device. 
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Figure 2. Lender and Heidelberg Trainer 
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In 1931 J. E. Gwinnett was granted a patent (PN 1,789,680) for a moving 
platform on which perhaps 100 persons could be simultaneously moved. See 
Figure 5. The intent was to move the platform synchronously with a visual 
display to enhance the realism. To carry the theme slightly further, wind, 
smoke, sound, odors and temperature changes were claimed for this mass amuse- 
ment device, 


In 1932 Buckley was granted a patent (PN 1,865,828) for his training 
device based upon the introduction of "all possible movements" of the aircraft 
actuated by normal operation of the controls and the introduction of paper 
tape controlled atmospheric simulation. In 1934 Huffman patented (PN 
1,944,180) his flight training apparatus adding a propellor and its associated 
slipstream to his moving base cockpit. 


From these early beginnings cockpit motion hardware was designed to provide 
from one to six degrees-of-freedom using almost every conceivable type of 
power or drive means. Pneumatic bellows ree PN 1,825,462 and 2,099,857; 

St. John 2,369,418); Pneumatic cylinders (Custer PN 2,063,231; Koci PN 
2,661,954); electric motors and cables, belts or chains (Ruggles PN 1,342,871; 
BuckTey PN 1,865,828; Herrmann 2,528,516, Carlyon PN 3,494,052); hydraulic 
cylinders (too numerous to mention this technique); balanced beams, movable 
weights, moving carts with cascaded gimbals, springs and levers, centrifuges 
even hydraulic ‘buoyancy (Plotner PN 2,344,454 and Guyon 3,559,936) techniques 
have been patented. 


The motion bases were coupled to visual display panoramas, films and 
actual outside environments. World War II provided the impetus for still 
further creative motion producing inventions. One of the most unique of these 
inventions was patented (PN 2,344,454) by L. D. Plotner in 1944. His idea of 
a cockpit motion (Figure 6) base was a sphere, suspended in water, which con- 
tained the trainee. The sphere was driven in three degrees of freedom. One 
of the most advanced training devices of World War II was patented by E. St. 
John (PN 2,369,418). His training device had cockpit motion, coordinated 
sound, controls, movie projector visual display, and audio with progressive 
‘instructional exercises with recorded oral instruction. Hydraulic power 
cylinder force mechanisms became popular following the war. Soule (PN 
2.,524,238--1950); Smith (PN 2,787,842--1957); Fogarty (PN 2,930,144) and others 
used hydraulics as their drive medium. 


Throughout the sixties improvements continued to be made. Cascaded gim- 
bals, beams, levers, and walking beams and just about all combinations of 
linkages continued to be patented. Then, about 1965, a method of producing 
all six degrees of freedom using relatively simple hardware was patented, 
essentially simultaneously, and apparently independently, by two inventors. 
These patents revolutionized cockpit motion hardware. E£. R. Peterson (PN 
3,288,421 granted November 29, 1966) and K. L. Cappel (PN 3,295,224 granted 
January 3, 1967) introduced the so-called synergistic (six post) motion 
hardware. 


So ‘completely did the synergistic cockpit motion base change the hardware 
‘makeup that of the US Navy's 73 cockpit motion bases in use today, approximate- 
ly 50 are of ‘the synergistic type. Today nearly all simulator manufacturers 
will use a synergistic motion base with their simulators. Figures 7 and 8 
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Figure 8. Peterson's Motion Base (Positions) 


24 


St een 





. 


NAVTRAEQUIPCEN IH-298 


were taken directly from Peterson's patent and Figures 9 and 10 were taken 
from Cappel's patent. 


In summary, Our patent search revealed an interesting history of the 
development of cockpit motion hardware which is not over. Akister, Shelley 
and Heath were granted a patent (PN 3,597,857) in 1971 for yet another con- 
figuration of hardware. Curiously, the only major type of hardware not un- 
covered in our search was the articulated beam or boom type of research 
motion base manufactured by Northrop. The Ling-Temco-Vought type of boom 
system was patented (PN 3,883,473) by W. B. Luton in 1963. 
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SECTION IV 
REQUIREMENTS 


After reviewing the rather large body of literature available in the 
motion/no motion controversy, it appears that one can divide the opinions 
into three fundamental categories: those who see some benefit in utilizing 
cockpit motion, those who see no training benefit, and those who are uncer- 
tain as to the effects of cockpit motion cueing. The literature, which was 
examined during this literature survey, has been categorized in Tables 4, 5 
and 6 and selected comments appear with each cited reference. The largest 
portion of the reviewed literature, prior to 1974 publication, was pro-motion 
cueing (Table 4), with considerable discussion as to which degrees of freedom 
were of importance. That particular issue seems to be a function of the air- 
craft type being simulated and assigned training task. In any case, the 
degrees-of-freedom issue is likely to be a moot point in that there exist six 
degree-of-freedom synergistic systems whose cost ($150K) is less than that of 
four ($260K) and five ($285K) degree-of-freedom systems. This cost ($150K) 
is approximately equal to the cost of some of the G-seat cueing devices being 
procured* today. 


Cockpit motion cueing has been used in flight simulators since the 
earliest aviator training devices were conceived (see the section on patents 
in this report). It is recognized by simulation personnel that, due to physi- 
cal limitations and size constraints, the engineering community cannot con- 
struct motion bases which can duplicate the forces and velocities incurred in 
actual flight, for more than a brief period of time. It is further recognized 
that, depending upon the hardware and software combinations used to provide 
the cockpit motion cueing, the proper cues are often accompanied by spurious 
cues due to system noise, algorithm, excursion and velocity limiting, or mis- 
alignment of the gravity vector. Allowing all these constraints, until the 
mid-1970's the question asked most often was not "Is cockpit motion cueing 
required for training?" but rather "How much cockpit motion cueing, and of what 
kind is required for training?" A vast amount of the literature is devoted 
to stipulating the beneficial effects of including cockpit motion cueing in 
both research and training simulators. Graham (1968) presents an extremely 
convincing collection of references and arguments which are clearly in favor 
of including cockpit motion cueing in research simulators. He goes on to 
point out, "Thus, adequate simulation of turbulent flight for both research, 
development, and training purposes is considered vital." With respect to 
coordinated motion cueing (motion resulting from pilot control activity or 
wind phenomena other than randomized rough air), Graham points out, "Once 
a pilot becomes familiar with his aircraft, the motion information he 
receives during flight by way of vestibular, proprioceptive, and tactile 
cues provides him either reassuring feedback that all is well or early warning 
that something is wrong." Other interesting points Graham brings out include 
the following. Motion cues are effective because: humans do not sense accel- 
eration well visually; acceleration is the time derivative of velocity, hence 
it predicts changes in velocity; a pilot's sensory mechanism need not be 
directed since it is always activated. "Several experimental studies (Huddle- 
ston, 1966; Newton, 1959; Young, 1967) have noted that physical motion in 
simulation degrades the performance of inexperienced subjects but improves the 


*ATT costs are in 1976 dollars. 
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performance of experienced pilots." Graham further presents the argument 
that if advanced pilot training is conducted on a fixed-base simulator, in- 
appropriate behavior will be learned because omitting motion cues forces a 
pilot to change his behavior (to watch the primary signal more closely, to 
use larger, less frequent control movements and to permit greater errors). 


Smode (1971) provides a brief summary of pertinent literature with the 
view of answering two significant questions; "(1) does moving base simulation 
facilitate training, and (2) if the addition of motion provides training 
advantage, how and to what extent is this advantage manifested?." Smode re- 
ports, "The research findings suggest that motion cues: (1) serve to alert 
the pilot to changing states, (2) encourge the buildup of correct habit 
patterns in training, (3) increase the realism of the simulation thereby en- 
hancing trainee confidence in the device, (4) improve pilot responses, (5) 
affect aircraft control tasks, (6) are differentially useful as a function of 
the skill level of the pilot, and (7) vary in relevance (parameters and 
values) as a function of task or mission requirements. 


Gundry (1975) summarized the literature in a few sentences which are 
paraphrased herein: "A number of authors believe a cockpit motion system is 
necessary (Borlace, 1967; Cohen, 1971; Frazer, 1966; Gibino, 1968; Graham, 
1968; Huddleston, 1966; Huddleston and Rolfe, 1971; Staples, 1970) This 
conclusion is based upon three consistent research findings: 


a. Pilots perform better in a moving simulator than they do in a static 
simulator (Besco, 1961; Bray, 1973; Brown, Kuehnel, Nicholson and Futterweit, 
1960; Buckout, Sherman, Goldsmith and Vitale, 1963; Gerathewohl, 1969; Gold- } 
smith, Sherman and Vitale, 1961; Matheny, Dougherty and Willis, 1963; Ruocco, 
Vitale and Benfari, 1965; Sadoff and Harper, 1962). 


b. The pattern of pilots’ control activity in an aircraft is more closely 
approximated by control activity in a moving rather than a static simulator 
(Greer, Stewart, Merrick and Drinkwater, 1959; Douvillier, Turner, McLean and 
Heinle, 1960; Fedderson, 1962; Rolfe, Hammerton-Fraser, Poulter and Smith, 
1968; Ragland, Chambers, Crosbie and Hitchcock, 1964; Sadoff, McFadden and 
Heinle, 1961, Tremblay, Brown and Futterweit, 1964). 


c. Instruments and displays are evaluated differently in moving and 
static simulators (Matheny, Dougherty and Willis, 1963; Donvillier, Turner, 
McLean and Heinle, 1960; Jacobs, Williges and Roscoe, 1973; Rathert, Greer 
and Douvillier, 1959). 


_ However, some authors have recently doubted the value of motion in flight 
simulators used for training (Jacobs, Williges and Roscoe, 1973; Hopkins, 
1974; Williges, Roscoe and Williges, 1973). 


There has been no experiment designed specifically to assess the effect 
of motion in determining the transfer-of-training from a simulator to an 
aircraft. This is an important omission in the research history of flight 
simulation, for it matters little how well or realistically a pilot behaves 
in a moving as opposed to a static simulator, if experience in the simulator 
does not lead to more effective training. 
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The "negative training value" group of literature (Table 5) is generally 
of more recent vintage, and can be traced to transfer of training studies 
conducted by the Air Force Human Resources Laboratory at their Williams Air 
Force Base Advanced Simulator for Pilot Training (ASPT) research facility, 
and studies conducted at the University of Illinois, Institute of Aviation. 


The experimental work conducted at ASPT appears to be well designed, exe- 
cuted and analyzed. The experiments are true transfer of training studies 
generally using student pilots. The studies cover a variety of piloting 
tasks from basic contact landing and approach (Martin and Waag, 1978), air- 
to-ground weapon delivery (Gray and Fuller, 1977) and a series of contact 
maneuvers (Irish and Buckland, 1978). In general, pilot performance is re- 
ported to be no better with the cockpit motion operational than with it 
deactivated, 


Another group of "negative" or "questionable" training value reports 
focuses upon the work performed by Dr. Koonce. His work was directed not 
toward transfer of training but at establishing the predictive value of simu- 
lator training. He concluded: "...that the sustained motion resulted in 
higher predictive validities than the no motion or washout-type motion sys- 
tems; and there were no significant differences between these later two 
motion systems in the predictive validities of the individual maneuvers... 
but the differential effects of motion on the simulator performance does not 
transfer to the performance in the aircraft." 


Roscoe (1974) and Hopkins (1974) interpreted Koonce's data as evidence 
that the presence or absence of motion makes no difference to the transfer of 
training obtained during simulator training. However, discrepancies in the 
interpretations of Koonce's study by Roscoe and by Hopkins were pointed out 
by Gundry (1975) in which he states, "...that the design of Koonce's experi- 
ment does not allow this conclusion to be drawn, since there is no evidence 
that training occurred." 


Thus, it appears that the training community is presented with two dia- 
metrically opposed points of view with respect to the training enhancement 
value of cockpit motion cueing. A very logical question now appears. Is it 
possible that both points of view can be equally valid? That is, have all 
the researchers, who have published their findings, had properly constructed 
experiments, and have they correctly deduced conclusions from the experimental 
data? The answer to this important question may be, yes. An explanation is 
in order, It may be that any of the following categorical reasons could 
satisfactorily explain the disparity of results: 


a. Nature of the cueing being submitted to the experimental subjects. 
b. Nature of the visual motion interaction used during the research. 
c. Nature of the study undertaken. 


Each of the areas will now be further discussed. Consider the first 
category. 
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THE NATURE OF THE CUEING BEING SUBMITTED TO THE EXPERIMENTAL SUBJECTS 


This area contains many variables which unfortunately are very rarely 
published along with the experiments which are being published/presented. It 
is clear that the type of cueing a subject receives is a function of at least 
the following variables. 


THE CAPABILITY OF THE HARDWARE WHICH WAS USED IN CONDUCTING THE EXPERIMENT. 
Were, we mean the actual physical performance capability of the hardware. 
What are the limits of excursion, velocity and acceleration? Are these 
limits large enough to impart other than a disturbance cue? What is the 
frequency capability of the hardware in each degree of freedom? Is the hard- 
ware functioning normally, i.e., were daily readiness checks performed to 
assure normal hardware performance during the experiment? Is the hardware 
equipped with filters which can reduce the performance of which the hardware 
is capable? As an example, one major supplier of cockpit motion hardware 
normally equips his analog hardware with classical second-order, low-pass 
filters of three radians per second natural frequency. The effect of these 
filters is to introduce a ninety degree phase lag (the output of the filter 
lags the input to the filter) at approximately one-half Hertz. At the short 
period frequency of many of the military trainers and fighters, etc. (approxi- 


mately seven tenths of a Hertz), the phase lag can be 100° to 120°. NASA 
Langley has published this problem and their solution as NASA TN-7349, Par- 
rish, Dieudonne, Martin and Copeland (1973). 


THE NATURE OF THE COMMANDS FED FROM THE DIGITAL COMPUTER TO THE ANALOG 
CIRCUITRY OF THE MOTION BASE. As long as the physical hardware performance 
of the motion equipment is not being exceeded, the cockpit motion will track 
the signals which are being used to drive the system. Two areas of importance 
stand out as worthy of note. The first is that the iteration rate of the 
equations being used to provide the flight simulation (equations of motion or 
flight equations) and the iteration rate of the cockpit motion drive philosophy 
used (more on this later) are of critical importance. For example, if the 
cockpit motion drive equations are being computed at 20 times per second (a 
common value), then a serial or pipe-line delay of fifty milliseconds is ex- 
perienced before the analog hardware even receives its input signal. An iter- 
ation rate of ten times per second causes a pipe-line delay of 100 milli- 
seconds, an iteration rate of seven and one-half causes a pipe-line delay of 
133 milliseconds, and so on, required just for the results of the calculation 
of tion drive equation. Similar delays are experienc A calculating» 
"y equations whose output constitutes the input to the motion drive 
equations. NASA Langley updates all of their equations at 32 Hertz in order 
to minimize this pipe-line delay. The personnel at Northrop are experimenting 
with iteration rates of 50 Hertz to determine the effects of this delay. 





The second major area of importance in this section dealing with drive 
commands involves the algorithms or philosophy used in the cockpit motion 
driving commands. It must be recognizez that it is impossible to use the 
outputs of the flight equations directly as drive signals for the motion base. 
Obviausly the motion base can only maintain linear and angular accelerations 
for brief periods of time before structural limitations are reached either in 
acceleration, velocity or excursion. Hence, some sort of drive philosophy 
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and its associated algorithms must be used. The inputs to these motion equa- 
tions usually are simulated aircraft linear accelerations and angular acceler- 
ations, velocities and position. In the various algorithms published in the 
literature, many combinations have been identified. Odierna (1970) and Hayden 
(1970) summarized them. We quote Odierna (1970) below: 


"The six basic concepts: 


(1) The proportional concept - The magnitude of the motion system 
acceleration is always proportional to the magnitude of the aircraft acceler- 
ation. 


(2) - The clipped magnitude concept - The magnitude of the motion 
system acceleration cannot exceed a set limit. 


(3) The clipped slope concept - The slope of the magnitude of the 
motion system acceleration cannot exceed a set limit. 


(4) The mixed concept - Any combination of the concepts, (1), (2), 
(3) above. 


(5) Transfer function onset and washout concept* - The. magnitude of 
the motion system acceleration and phase is determined by shaping filter 
techniques, i.e., aircraft acceleration subjected to a predetermined transfer 
function. 


(6) The aircraft acceleration concept - The magnitude of the motion 
system acceleration is equal to the magnitude of the aircraft acceleration. 


A ground-based motion system that would successfully utilize the last on- 
set drive signal philosophy, i.e.., (6), cannot be built, and will be dis- 
carded from further consideration." 


awe 


Figure 11 depicts these general algorithm categories. 


It should be further mentioned that many of the concepts mentioned are 

also applied to velocity or positional variables as well as the acceleration. 
For example, the proportional concept is often applied, in smaller motion 
bases, to the positional variables for the angular degrees of freedom, i.e., 
the simulator cockpit will pitch (or roll) an amount proportional to the 
amount the simulated aircraft has pitched (or rolled). The transfer function 

' concept appears in practice in many different forms. Commonly encountered 
forms of transfer function include: 


a. Low pass filters of Ist, 2nd, 3rd and 4th order. 


* K washout concept 1s defined as the methodology in determining the motion 
of the simulator cockpit in order to washout the results of the onset cue, 
i.e., the velocity and position change, at subthreshold levels to allow the 

t motion system to either return to the neutral position or a position such 
that the gravity vector is substituted for sustained linear acceleration 
(gravity align). - 
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b. Band pass filters of 2nd, 3rd and 4th order. 
c. High-pass filters of Ist, 2nd, 3rd and 4th order. 


It must be emphasized that once a transfer function form has been chosen, 
the filters may be applied to accelerations, velocities and positions and that 
a given transfer function can have infinitely many responses depending upon 
the gains, natural frequencies, and damping constants chosen for the filter. 

A more detailed discussion of the forms of transfer functions and the effects 
of these forms is to be published as NAVTRAEQUIPCEN IH-299. 


The issue of the proper algorithm type is certainly not resolved if one 
considers the amount of work that has recently been performed by Parrish et al, 
at NASA Langley. They have used and evaluated the classical 2nd order wash- 
outs (filters) recommended by Schmidt and Conrad (1970) in coordinated 
coupling to allow gravity alignment as a cue for sustained accelerations and 
to remove spurious cues caused by simple rate matching, and uncoordinated 
forms. They further experimented with digital controller filters and cue 
generation via the steepest descent optimization. This last form appears to 
be the most encouraging. Sinacori (1977) reviewed selected literature with 
emphasis on the roll drive logic. He evaluated the effects of the various 
types of cue generation and drew implications for further research. Table 7 
summarizes the relevant comments available which address preferred algorithm 
types. As incredible as it may be, there still does not exist a justification 
for a particular type of algorithm (and associated gain, frequency and damping 
coefficients) as a function of training value. 


A final entry in the hardware capability section concerns the visual dis- 
play capability utilized during the experiments. Many of the earlier works 
had no visual display (other than instruments); others had small CRT type 
displays; still others involved a television type display. Some were very 
narrow in field of view, others essentially duplicated that obtainable with 
the actual aircraft. Clearly, the nature of the visual stimuli could have 
affected the outcome of the experiments. 


THE INTERACTION OF VISUAL AND MOTION CUES UTILIZED IN CONDUCTING THE RESEARCH 


It has been postulated that the very wide field of view (FOV) visual dis- 
play systems can override the effects (if they exist) of cockpit motion. The 
thought being that the peripheral cues available with these very wide FOV 
systems can provide primary cues which can and do create similar responses 
to those which are provided with physical motion (cockpit motion). 


Certainly this is feasible and conceivably the transfer of training 
studies conducted by the HRL researchers at ASPT have proven this conjecture. 
It is, however, extremely unlikely that all training simulators will be equip- 
ped with a visual display capability as sophisticated (and expensive) as that 
found on an experimental research tool. For example, the US Navy currently 
employs approximately 73 cockpit motion base equipped training devices of 
which less than 20 percent have visual display capability of any kind and 
only three have a wide FOV capability (which is barely one-half that of the 
ASPT device). 
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There is another factor of interest along this line of thought. The rela- 
tive timing of cues the subject is subjected to is reported (Gum and Albery, 
1976) to be of significant importance. The elapsed time between the pilots 
control activity and the output of the aerodynamic simulation is well defined 
and measurable in both the simulated and actual aircraft as reported by Harris 
(1977). Remember, the output of the aerodynamic simulation constitutes the 
input to both the visual display system and the cockpit motion system, each 
of which has its own inherent delays. Ideally, the outputs of the visual and 
motion hardware would occur simultaneously. In practice, however, this is 
rarely the case, and the effects on pilot performance of this mismatch in 
stimuli are not well known. They are, however, currently being studied by 
Miller and Riley (1977) of NASA Langley. 


EXPERIMENTAL DESIGN 


The nature of the experiment performed, the variables recorded, the analy- 
sis techniques which were utilized upon the recorded data, and experimenter 
effects all can have a substantial effect on the conclusions drawn by the 
researchers. Very few of the studies reviewed during this literature search 
were truly transfer of training studies. Dr. Koonce's work, which was con- 
sidered by Roscoe and Hopkins to be a transfer study, has been disclaimed as 
a transfer study by Dr. Gundry for not having a control and performing a 
different task structure in the aircraft than was performed in the simulator 
(visual vs nonvisual). The transfer of training studies which were performed 
on ASPT may be subject to question in that it has been criticized as having 
delays, in calculating certain variables, of sufficient length as to affect 
pilot performance (Rust, 1975; Gum and Albery, 1977). 


Caro (1977) summarized Hutton, Burke, Englehart, Wilson, Romaglia and 
Schneider (1976) as follows: “Likewise, motion out of synchronization with 
visual or other cues could interfere with simulator control if it made trainees 
i111 or presented misinformation to them. For example, it has been reported 
that the simulator used in the Air Force ASPT study cited above has time lags 
in the motion system that make performance of some maneuvers difficult." 


While on the subject of transfer of training studies, it should be pointed 
out that there are some tasks which are of sufficiently high risk or are so 
damaging to the actual aircraft that they are only trained in the simulator. 
Examples are multiengine aircraft engine failures during takeoff, rollout or 
landing; low-altitude, high-speed penetration of enemy controlled airspace and 
the like. For these tasks, it is unlikely that full transfer of training 
studies will ever be conducted, although some "quasi-transfer of training" 

‘ attempts have been made (DeBerg, McFarland and Showalter, 1976), at NASA Ames 
Research Center, using extremely large amplitude excursion simulators, which 
can duplicate actual aircraft forces for certain maneuvers, to represent 

the transfer aircraft. It can then be said, that at least for some tasks, 

the true training assessment, if it must be a transfer of training experiment, 
will never be accomplished. 


With respect to selection of experimental variables, it has been suggested 
that both system performance measures such as trials to criterion, error 
scores, etc., and another class of pilot work load performance measures such 
as control activity should be evaluated when conducting motion research. Most 
pilots are extremely adaptive and can often maintain system performance 
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criteria although their piloting technique and hence their control measures 
may be dramatically and significantly different. The discussion of this 
entire section, of course, is likely to be dependent. upon a great many other 
olka such as aircraft type, CG location, maneuver and pilot experience 
evel. 


In summary, it is not too surprising to find equivocal results in the 
research conducted to date. There have been different cockpit motion bases 
(and different performance capabilities), different drive philosophies (and 
associated gains, frequencies, damping coefficients, etc.), different amounts 
of visual display capability, different types of experiments, different air- 
craft types and different experience level subjects used throughout the re- 
search. The questions, methods, and variables are not simple nor should the 
answers be expected to be. 


In closing this section of our literature survey, it is apparent that 
several conditions must be met before any valid comparisons of research re- 
sults or replications of research efforts can be accomplished. In order to 
generalize the results of cockpit motion research, the following conditions 
must be satisfied: 


a. The performance capability of the hardware (motion and visual display) 
must be published. This includes excursion, velocity, acceleration and fre- 
quency response data for each degree of freedom. 


b. An assessment of the fidelity of the flying qualities and performance 
of the simulation of the aircraft must be made and published. On numerous 
occasions the motion base has been blamed for poor response when, in fact, 
the short period (or roll mode constant, etc.) of the actual aircraft was not 
accurately simulated. This highlights delays caused by improper aircraft 
simulation. 


c. The type of cockpit motion algorithms and their associated gains, 
frequencies, damping constants, scaling of the drives, etc., must be published. 
In order for this to be most useful of time histories, standardized engineer- 
ing inputs (steps, ramps, etc.) and Bode plots should be displayed for each 
degree of freedom. This highlights any system delays and delays from the 
motion algorithms used. 


d. The importance of daily readiness checks should be emphasized. The 


correct functioning of the equipment cannot be assumed during any experimental 
runs. 
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SECTION V 
ALGORITHMS AND DRIVE TECHNIQUES 


The broad category of algorithm development has been dominated by the work 
performed by (or for) NASA. Both NASA Ames Research Center, primarily through 
the work of Schmidt and Conrad, and NASA Langley Research Center, through the 
work of Parrish, et. al., have published extensively. There has been some 
developmental work published by the airframe manufacturers such as Northrop, 
(Mills, 1967; Sinacori, 1973; Sinacori, 1977; Gallagher, 1970) and Ling 


Tempco Vought (Hayden, 1370). Curiously, very little has been published by 
the simulator manufacturers or the Armed Services simulator agencies. The 
description of the motion model used in the Advanced Simulator for Pilot 
Training (Kron, 1975) and piatform simulation (Odierna, 1970) are exceptions. 


Prior to the work of Schmidt and Conrad, the algorithms encountered in 
simulation work were generally found to be a collection of various empirical 
algorithms based upon either proportional, clipped or, occasionally, washout 
schemes driving motion bases with usually less than six degrees of freedom. 
Schmidt and Conrad's work (Schmidt and Conrad, 1970 and 1971) summarized the 
available literature, determined the cues of importance, synthesized logic for 
commanding motion, formalized it (Conrad, 1973), and finally, offered the 
methodology for the coordination of the linear and angular degrees of freedom 
(Conrad, Douvillier, and Schmidt, 1973). This coordination takes either of 
two forms. The first, for translational cue simulation, involves using angu- 
lar displacements or tilting the motion base, at subliminal rates, to provide 
a sustained cue following a \inear displacement used to provide the onset of 
the sustained translational cue being simulated. The second form is used when 
the desired cue is a rotational cue. J7 the onset cue is presented using only 
the angular displacement capability, a false linear cue is generated due to 
misalignment of the gravity vector. This coordination scheme provides a 
translational cue to offset the false gravity contribution. The work of 
Schmidt and Conrad was verified on large scale cascaded gimbal-type motion 
drive equipment at the Ames Research Center. 





NASA Ames also had some work performed for them, by Singer-Kearfott 
(Friedland and Ling, 1970; Friedland, Ling, Chong- -Kuan and Hutton, 1973), 
directed towards applying the procedures of optimal control theory to the 
task of optimizing the motion cues provided within the operational constraints 
of the motion drive hardware (excursion, velocity and acceleration limits). A 
series of reports describes this, as yet unproven, effort. 


Further publications from NASA Ames include published algorithms for other 
motion simulators (Beyroty, 1974; Bray, 1972) and coordinate transformation 
schemes (Douvillier and Coate, 1962), 


Throughout the early and mid-1970's a major portion of the developmental 
work on cockpit motion drive philosophies was conducted at NASA Langley Re- 
search Center. Parrish, Dieudonne and Martin adapted the work of Schmidt and 
Conrad to the so-called synergistic six-post system which was designed at the 
Franklin Institute by Cappel and made so popular by the various simulation 
manufacturers. This effort necessitated the development of strut extension ~ 
algorithms, inverse strut extension algorithms (Dieudonne, Parrish and o 
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Bardusch, 1972), centroid transformations, and washout circuitry (Parrish, 
Dieudonne and Martin, 1973). Langley personnel improved the dynamic perform- 
ance of their six post motion base by selectively compensating for hardware 
delays and filtering update frequency noise from the drive commands (Parrish, 
Dieudonne, Martin and Copeland, 1973). 


Langley research personnel expanded the work of Schmidt and Conrad by 
introducing new non-linear methods of coordinating translational and rotation- 
al motion commands based upon the methods of continuous steepest descent 
(Dieudonne, Martin and Bowles, 1973) and the use of digital controllers, 
linear filters and non-linear adaptive filters (Parrish and Dieudonne, 1973; 
Parrish, Dieudonne, Martin and Bowles, 1973). An additional developmental 
effort focused on using variable coefficient linear second order filters whose 
coefficients vary with motion base position enabling improved low-frequency 
response characteristics (Miller, 1974). 


A related, though separate, area of endeavor which has seen a considerable 
amount of research and developmental activity is the area of simulating turbu- 
lence. Prior to approximately 1970, most turbulence simulations utilized 
random noise generators of approximately Gaussian distribution. The Link 
Group of Singer proposed a sinusoidal and random buffet simulation in 1967 
(Cutts, 1967). Simulation of the non-Gaussian nature of turbulence was deemed 
important by several researchers who published several papers on the methodol- 
ogy to be used in constructing the newer turbulence simulation (Reeves, 1969; 
Kurkowski, 1971; Jones and Tomlinson, 1971; Reeves, 1974). NASA continued 
researching this area as late as 1975 (Jacobson and Joshi, 1975). The simpli- 
fied technique used in the ASPT simulation of buffet was published in 1977 
(Cyrus and Templeton, 1977). 
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SECTION VI 
EFFECTS OF MOTION 


"No point of view has absolute, permanent validity. Each has importance 
only for some given end." 


Ernst Mach 
(The Analysis of Sensations, 1897) 


This section has been divided into two main topics: psychophysiology and 
control performance. Grouped under "psychophysiology" are publications con- 
cerning perception of motion or the effects of motion on the human body. 
Under "control performance" are included publications concerned with the 
effects of motion on the human operator's ability to perform a psychomotor 
task. 


PSYCHOPHYSIOLOGY 


a. Sensation and Perception. An important research area is in the 
investigation of the perception of motion. There is a need for a psycho- 
physics of motion to provide data on motion thresholds, including difference 
thresholds, and motion scaling. Although, it provides useful information, 
it is not sufficient to specify that a particular motion has a threshold 
value. The objective is to discover certain relations among frequency, 
amplitude, perception latency and directions of motion. A determination 
of how the various combinations affect the motion sensing capabilities of 
the human will, then, permit generalizations to be made. Huddleston's (1966) 
and Clark's (1967) papers summarize much of the work done on motion thresh- 
olds. Problems of measuring thresholds and recommendations for threshold 
measurement methods relevant to flight simulation are discussed in "Man and 
Motion Cues" (Gundry, 1976). 


One of the largest obstacles to settling the question of motion is the 
definition of the stimulus. Investigators in this area have not fully agreed 
on the absolute thresholds to motion stimuli, as illustrated by Wendt's 11967) 
comments on Huddleston's (1966) paper concerning motion requirements for 
flight simulation. As stated by S. S. Stevens in the Handbook of Experimental 
Psychology (1951), "...the complete definition of the stimulus to a Ae 
response hematyes the specification of all the transformations of the environ- 
ment, both internal and external, that leave the response invariant. This 
specification of the conditions of invariance would entail, of course, a com- 
plete understanding of the factors that produce and that alter responses." 


Dr. Clark, in his paper on Thresholds for the Perception of Angular 
Acceleration in Man (1967), noted two serious Timitations of the majority of 
the 25 studies that he reviewed. First, the small number of subjects in any 
one study and, second, the stimulus was not measured directly. In addition, 
the various experimenters did not have common definitions of "threshold" and 
did not describe clearly how the thresholds were determined. Almost all the 
studies reported data on yawing acceleration while only two geporsed thresh- 
olds for.roll. The thresholds reported varied between 0.035°/sec” and 
8.29/sec* with a median around 1.0°/sec *. 
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Wendt (1966) reported B ney lon as ag celey ation thresholds from laboratory 
data that ranged form a 2-/sec* to 2 ree s assuming long latency periods. 
When response latency ocd: the criterion, approximately tw seconds were 
required to detect 34 three seconds to detect 2°/sec*; and almost seven 
seconds to detect 1 eae In terms of the short durations applicable to 
many aircraft maneuvers and their simulation, there is little sensitivity to 
changes of angular motion in the absence of other cues. Some data suggest 
that, if the maximum response latency is held to about 1.5 seconds, and if 
latency is taken as thg chief criterion of threshold, then the average sub- 
ject cannot tell 4%ec* from 10 or 15°/sec® accelerations. 


As the disparity between laboratory data and operational performance is 
very wide, the laboratory measurement of thresholds may be of academic inter- 
est only. At best, laboratory findings indicate levels that the pilot will 
not be able to perceive in the simulator or aircraft. For the practical pur- 
poses of simulator operation, Wendt (1966) recommends raising the laboratory 
thresholds by a factor of two to ten or more. 


In addition to the inconsistencies in measurement techniques and defini- 
tions of thresholds already alluded to, other reasons for the unreliability 
of applying laboratory threshold data to the design of simulators are the 
differences in the distance of the subject from the axis of rotation in the 
laboratory apparatus and in the simulator. Most important, however, is the 
difference between the subject's task in the laboratory and in the simulator. 
In the laboratory, the subject's task is to detect motion, whereas, in the 
simulator, his task is to "fly." The outputs of the kinesthetic sense do not 
under normal conditions reach awareness until attention is directed at them. 
The problem is that any conventional technique of measuring thresholds in- 
volves concentration on motion effects only. If this is done in a flight 
simulator, the subject's primary task, that of "flying" the simulator, is 
ee The act or measurement itself invalidates the simulation (Gundry, 

976). 


As stated by Gundry (1976), "In order to determine the threshold levels 
to motion which are in principle present during flight simulation, a proced- 
ure must be used which does not require the subject to attend to motion cues 
any more than he would during normal operation of the simulator." 


Dr. Gundry recommends investigation of the operator's use of motion stim- 
uli while tracking as a solution to this problem. He states that, "...once 
a minimum value of a motion cue has been established which affects operator 
performance in a tracking task, an effective threshold to motion has been 
established. The operator may or may not be able to detect the motion cue at 
the level that influences his behaviour -- this is immaterial as long as the 
motion cue at that level produces a change in behaviour." 


An area which appears promising for motion system design and evaluation 
is that of modeling of the human sensory mechanism. Usually, the fidelity of 
a simulation is assessed by comparing simulator performance with aircraft 
performance. The use of sensory system models permits comparison between the 
pilot's perception of motion in the simulator and the aircraft. Experimental 
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studies have been conducted in an attempt to establish the relation between 
actual motion and its subjective perception. For example, Bergeron (1970) 
conducted tests with reduced scaling on the motion input to investigate the 4 


minimum requirements of motion cues for one~ and two-axis closed-loop tracking 
tasks. 


For information on modeling of the human motion-sensing mechanisms, the 
following publications are recommended: Borah, Young and Curry (1970, Gum 
(1973), Young, Oman, Curry and Dichgans (1973), and Junker and Levison (1978). 


b. Spatial orientation, including disorientation, illusions, and vertigo 
are entered in this section. 


"The expression 'sense-illusion' proves that we are not yet fully con- 
scious, or at least have not yet deemed it necessary to incorporate the fact 
into our ordinary language, that the senses represent things neither wrong] 
nor correctly. All that can be truly said of the sense-organs 1S, that, under 
different circumstances they produce different sensations and perceptions. As 
these ‘circumstances’, now, are extremely various in character, being partly 
external (inherent in the objects), partly internal (inherent in the sensory 
organs), and partly interior (having their activity in the central organs), 
it can sometimes appear, when we only notice the external circumstances, as if 
the organ acted differently under the same conditions. And it is customary to 
call the unusual effects, deceptions or illusions," according to Ernst Mach, 


in The Analysis of Sensations, 1897. 


Pilot instrument training is a known technique for preventing or recover- ™ 
ing from spatial disorientation. In addition to instrument training, spatial J 
orientation training should be employed to familiarize the pilot with the 
causes of the illusions experienced during disorientation, and to train him 
on countermeasures to prevent or overcome the effects of the misleading cues 
which cause the phenomenon (Bonner, 1963). A spatial disorientation device, 
designed and constructed at the request of the Air Force is described by 
Lewis (1965). This device combined the principles of the Barany chair and a 
low-performance centrifuge. Bonner (1963) described other special training 
apparatus such as the trampoline, Ren wheel, looping device, 4-pole swing, 
and the Ruggles Orientator. 


c. Visual-Vestibular Interaction. The sensations which conflict most 
frequently with visual perceptions are those originating in the vestibular 
system of the inner ear. Sensory interactions between the visual and 
vestibular apparatus are very important to consider in simulator applications 
which couple a visual display to a motion system. 


A few documents concerning the visual perception of motion are also in- 
cluded in this section. The reason for this is that the visual and proprio- 
ceptive perception of motion are so closely interwoven and interdependent 
that it is difficult to separate the two. On the other hand, a deeper search 
into the visual perception of motion would result in compiling a large number 
of references in this area -- a task somewhat divorced from the main theme 
of this report. 
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Effective training design requires that the significance of cue inter- 
actions be established. Researchers can be misled by extrapolating the re- 
sults of single-variable experiments to applications that involve many vari- 
ables. Care must be taken to incorporate into the training device not only 
the stimuli required for training in specific tasks, but the essential com- 
binations of stimuli as well. In addition, it is important that the perceived 
pattern of cue combinations actually represent those of the operational en- 
vironment. 


d. Motion Sickness (Simulator Sickness). A factor which favors the 
inclusion of motion as part of a total simulation system is the possibility 
that motion may act as an inhibitor of simulator sickness. It has been 
hypothesized that the cause is related to the increase in neural activity 
from eye movements following a changing visual scene which is contrasted 
with the static physiological cues from the proprioceptive system. However, 
it is generally very difficult to isolate the causes of simulator sickness, 
and it is even possible to develop sickness in a static situation such as 
in a room tilted from the inertial vertical. 


A distinction is sometimes made between “simulator sickness" and motion 
sickness which develops in animals and humans when they are physically moved 
under certain conditions. In simulator sickness, the individual may be sub- 
jected to real motion but in many cases he is not. Howard and Templeton 
(1966) do not make this distinction and state that vestibular stimulation is 
not a necessary condition of motion sickness (p. 137). 


Susceptibility to motion sickness, or “simulator sickness," may be related 
to the individual's cognitive style of perceiving his environment. The 
field-dependence dimension is the most widely studied of the cognitive styles. 
This trait may be measured with a standard Rod and Frame Test (RFT), the body- 
adjustment test (BAT) or the Embedded-Figure Test (EFT) which measures field 
dependence in a purely visual, paper-and-pencil situation (Anastasi, 1961). 


Field dependence is probably the first trait that should be measured be- 
fore proceeding with any simulator studies concerning motion. This trait may 
be useful not only for screening of individuals susceptible to motion sickness 
but also as a predictor of training success (Kennedy, 1975). It may also be 
found that different kinds of training may be needed for field dependent and 
field independent types of students. 


e. Stress. There is no exact definition of stress. The word has beer 
used as a vague synonym for "unusual or unpleasant working conditions." Mav 
attempts have been made to define stress more precisely and to develop 
theories of psychological stress so that all of the varied findings can be 
covered by one explanation, but no theory has yet received general acceptance. 
Perhaps the most promising approach is the work on “arousal,” “activation," 
or “energy mobilization" where the findings of both psychology and physiology 
are being brought together. There is some evidence that there is an optimal 
level of "stress" as it affects performance. If the level of "stress" by 
motion or other form of stimulation increases or decreases from the optimal 
level, then the level of performance declines (Gillies, 1965). 
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f. Acceleration. Another major research area is in the investigation of 
the physiological effects of acceleration upon the human body. The publ ica- 
tions selected for this section deal primarily with the sensory aspects and 
human tolerance levels to acceleration. The effects of acceleration on per- 
formance are covered in the next section, Control Performance. 


The effect of vibration on human physiology, fatigue and performance has 
been intensively studied by Goldman and Von Gierke (1960) who provide exten- 
sive surveys of this field. 


CONTROL PERFORMANCE 


Classification of motion may provide a method for clarifying the "motion 
question" which is, in fact, a multi-faceted question. The general term 
“motion" may be too broad to apply to task-related motion requirements. 
Accordingly, a classification scheme which distinguishes among the different 
types of motions may be useful in separating out the various issues. 


According to an analysis by Graham (1968) physical motion is required for: 


Tasks during which motion aids the pilot (e.g., carrier and other than 
normal approach and landing tasks, V/STOL low-speed operations, evaluation of 
training or primary controls and displays, pursuit tracking). 


Tasks during which motion hinders the pilot (e.g., flight in turbu- 
lence, emergency procedures, tasks tnvolving high 'G' forces). 


Matheny, Lowes, Baker and Bynum (1971) dichotomized motion into correlated 
and uncorrelated. In a more recent report Matheny, Lowes and Bynum 
defined them as follows: "Correlated motion is defined as that motion which 
is coincident with changes in the aircraft state. In the simulator, it is 
intended to represent aircraft system movement about its axes in three-dimen- 
sional space." 


“In some moving base trainers low amplitude random motion loosely de- 
scribed as "break-loose" vibration has been introduced. Such motion is in- 
dependent of, or uncorrelated with, control movement or visual display. 
Generally, it has been added either to create an illusion of realism, to mask 
erroneous cues produced by stiction of the hydraulic actuators of the simula- 
tor platform or to prevent such stiction." 


Matheny et. al. go on to say, "This uncorrelated random motion may be 
perceived differently and have varying effect upon performance depending upon 
its spectral composition. It may be perceived as non-relevant, background 
motion which enhances the realism of the trainer. On the other hand, it may 
provide above threshold stimuli which conflict with the visual information 
being perceived by the pilot. At certain frequencies it may degrade visual 
acuity or interfere with the production of accurate control input movements 
on the part of the pilot." 
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More recently, Gundry made a distinction between motion as a signal or 
cue, and motion as a task element or noise. In his paper (Gundry, 1976) on 


roll motion thresholds, he classified motion as advantageous or disadvantageous 
with a further subdivision of advantageous motion into aictacbacce and 
maneuver motions. This scheme is shown diagrammatically below: 


ADVANTAGEOUS DISADVANTAGEOUS 


Turbulence or g spatial 
disorientation motion 


DISTURBANCE MANEUVER sickness (affects all 
persons in aircraft; in 
CORRELATED UNCORRELATED Veridical informa- general, not intentionally 
mation about motion included in flight simu- 
Buffet, mal- Turbulence of aircraft (initi- lation). 
functions, org, gen- ated by pilot; part 
gunfire eral vibra- of aircraft control 
tion of loop). 
routine 
operation 
(unexpected 
by pilot; 
external 


to aircraft 
control loop) 


a. Vibration, buffet and turbulence are related but involve different 
motion characteristics, therefore, the Following definitions may be found 
useful: 


Vibration has been defined by Crede (Gillies, 1965) as a series of 
reversals of velocity. A more restricted definition, relating to human 
physiology defines it as a sustained, structure-borne disturbance, applying a 
translatory movement to the body and perceived by the senses other than 
hearing (Guignard, in Gillies, 1965). Crede's definition is a useful concept 
for the physiologist even though it does not include all conceivable modes of 
vibration. For example, buffet and turbulence can be regarded as special 
cases of vibration which do not necessarily involve reversal of velocity. 
Velocity implies displacement in finite time; and the reversal or change of 
velocity involves acceleration and higher derivatives of displacement with 
respect to time. 


The displacement and its time derivatives may be in translation, which is 
the type of motion usually considered, or in rotation (torstonal vibration). 
The vibration may be free, as in the oscillatfon of a pendulum, or forced, in 
which case the disturbance is maintained by an applied force. The papers in 


, this section are concerned primarily with forced vibration. The fluctuations 
7” of the exciting force may be periodic, giving simple or complex harmonic 
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motion, or non-periodic, resulting in transient or random vibration " 
(Gillies, 1965). 


Buffeting involves rapid, erratic variations in lift resulting from 
irregularly moving shock waves on the wing surfaces of an aircraft. This 
generally precedes the onset of sudden changes in trim which may cause loss 
of aircraft control (Gillies, 1965). 


Turbulence is produced by eddies which involve vertical air currents as 
well as horizontal variations in wind speed called gusts, The intensity of 
the disturbance felt inside the aircraft is determined by: 


e The severity of turbulence, which depends upon weather, altitude, and 
nature of terrain over which the aircraft is flying; 


* Aircraft speed, which determines the abruptness and frequency of the 
gusts; 


e The configuration, construction and trim of the aircraft; and 


¢ The position within the aircraft at which the accelerations are re- 
corded (Guignard, in Gillies, 1965). 


Simulation of turbulence is relatively easy to implement in ground-based 
simulation, but the choice of a suitable level of turbulence is more of a 
problem. The objective is to choose a level which is upsetting but stil] 
realistic. If an accurate simulation of turbulence is impracticable, pro- a 
visions should be made for the pilot to perform in the presence of disturb- od 
ances other than the maneuver motion which he initiates. This may take the 
form of random disturbances about one or more aircraft axes (Harper, 1963). 


b. Low-altitude, high-speed flight presents the pilot with the demanding 
and dangerous task of flying close to the ground while being exposed to rela- 
tively high levels of turbulence. Attack missions frequently involve terrain 
clearance requirements of altitudes between 200 and 500 feet. The usual 
effect of high-speed flight at these altitudes is a random buffeting of the 
aircraft. The aircraft may vibrate at frequencies dependent on aerodynamic 
design and it may be accelerated violently in many directions. These move- 
ments tend to disrupt the pilot and interfere with his performance. Random 
buffet cannot be precisely described in terms of specific frequencies, ampli- 
tudes, and periodicities, because the phase relationships are unknown, For 
this reason, the power density spectrum of the motion is used to describe it 
(Buckout, Sherman, Goldsmith and Vitale, 1963). 


The Buckout et. al. (1963) study concluded that: 


Simulated motion during the learning of tracking skills contributes 
to more effective performance in criterion test situations in which motion 
cues play an important role (i.e., flying a high-speed, low-altitude mission 
through clear-air turbulence). 


Performance on a procedural task (reaction time measures) during - 
criterion testing, did not differ significantly as a function of the type of } 
training received (motion vs. no motion). 
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One of the conclusions of the study by A'Harrah and Schulze (1963) was 
that, “The moving-base flight simulator ("G" seat) utilized in this program 
provides a realistic and efficient means by which pilots can evaluate the 
short-period longitudinal stability, control, and gust response character- 
istics for LAHS flight." 


c. A pilot-induced oscillation (PIO) is an inadvertent sustained oscil- 
lation of the pilot-vehicle system. When a PIO develops, the aircraft motions 
change from a random-like to a nearly sinusoidal form. Ashkenas et. al. 


(1964) analyzed several causes of PIO. One cause, discussed in their paper, 
results from insufficient training. 


PIO is not restricted to aircraft. Simulators sometimes exhibit PIO 
tendencies even though they may not have been designed to do this. For in- 
stance, pilot induced roll-axis oscillations appeared during landing tasks 
when a computer-generated image (CGI) display was added to the TA-4J Aircraft 
Operational Flight Trainer, Device 2F90. A similar problem was encountered 
years earlier on a carrier landing simulator, Device 2H87, which used a model 
board/television system. In these cases, the oscillation was apparent in the 
visual system. Any motion of the motion system appeared to be negligible. 


A simulator designed to adhere closely to the equations of motion of a 
particular aircraft should, theoretically, be able to develop PIO under the 
same conditions that would cause it to develop in the aircraft. Pilots could 
then be trained in the simulator to counteract the PIO. Whether fixed-base 
simulators are adequate for this type of training is questionable. Proprio- 
ceptive cues coupled with the disruptive forces of cockpit motion may be 
necessary for adequate representation of the condition which the pilot must 
learn to counteract. The presence or absence of motion should influence the ) 
control behavior of the Tot Depending on the frequency and magnitude of | 
the forces being simulated, the motion may aid or hinder the pilot's control 
movements. 


The limited literature on the effects of maneuver motion alone indicate 
that this type of motion is only important in the control of unstable systems 
(Meiry, 1965; Sadoff et. al., 1961; Perry and Naish, 1964). Motion cues pro- 
vide the pilot with anticipatory information in the form of phase lead which 
is useful in overcoming instability such as that produced by pilot-induced 
oscillations. 


The duplication of deliberate, specific types of PIO on a simulator, how- 
ever, is very difficult to Sccommt Tar in reetice. As stated by Belsley (in 
Harper, 1964): 


"Some flight control problems, such as pilot-induced oscillation, have 
yet to be duplicated on motion flight simulators, for as the overall pilot 
airframes system approaches the condition of neutral damping, the subleties 
of all the motion cues plus any control system nonlinearities tend to dominate 
the problem." 


By design, most production aircraft are stable and do not exhibit PIO 


tendencies. For this reason, most pilots will not deal with this eventuality. 
Training in this area, therefore, is not considered a critical requirement. 
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d. Handling Qualities. McDonnell (1968) defines “handling qualities" as 
follows: 


"Handling qualiti-s may be defined as those characteristics which 
determine the control nature and behavior of pilot/vehicle systems. In this 
context a handling quality is, therefore, any property of the pilot/vehicle 
system which relates to open- or closed-loop command or regulation. Handling 
qualities thus include any properties or attributes of the vehicle and the 
pilot as they interact, either actively or passively, in the pilot/vehicle 
system." 


This definition is expanded further on pages 14-15 of his report, "Pilot 
Rating Techniques for the Estimation and Evaluation of Handling Qualities." 


Cooper and Harper (1969) in their discussion of handling qualities pro- 
posed to clarify and standardize the terminology used in this field. Their 
definition of the term "handling qualities" emphasized that it includes more 
than just stability and control characteristics. McDonnell, in his broad 
definition of the term, tends to agree with this concept. As stated by Cooper 
and Harper: 


"Other factors that influence the handling qualities are the cockpit 
interface (e.g., displays, controls), the aircraft environment (e.g., weather 
conditions, visibility, turbulence) and stress, the effects of which cannot 
readily be segregated. Thus in most tests, handling qualities are really 
being evaluated in the aggregate." 


In Appendix A of the Cooper and Harper report, "Handling Qualities" is J 
defined as "those qualities or characteristics of an aircraft that govern the 
ease and precision with which a pilot is able to perform the tasks required 
in support of an aircraft role." The generally accepted meaning of "flying 
qualities" is similar to this definition and is considered to be synonymous 
with "handling qualities." 


e. Time delays enter simulations of flight from a variety of sources. 
Pilot control inputs must be sampled, the aircraft's responses to them must be 
calculated and displayed, and then this sequence must be repeated again and 
again for the duration of the simulation. The calculation time of the aero- 
dynamic model will determine the rate at which this can be done, and time de- 
lays associated with various display systems will add to that processing 
interval. Computer-generated visual displays, for instance, presently take 
about 100 milliseconds to calculate their images, and motion platforms usually 
take considerably longer to overcome their own inertias. A problem common to 
both platform motion systems and the G-seat is that of excessive time lag. 

For example, the software programs for the ASPT run at real time frequencies 
of 7% to 15 iterations/sec, or 133 to 66 milliseconds processing time. When 
hardware and software lags are added, the total lag is about 275-475 milli- 
seconds from the time of pilot input (Albery, Gum, and Hunter, 1976). Not 

all motion systems involve lags of this magnitude; however, Parrish, Dieudonne, 
Martin, and Copeland (1973) have improved the response of the motion cueing 
system of the Langley Research Center Visual-Motion Simulator until its total 
system delay is on the order of 90 milliseconds. 
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Time delays create problems for manual control in that the phase margin 
that the controller produces is reduced by the delay, making the man/machine 
system less stable and hence the accuracy of control suffers. A host of ex- 
periments have demonstrated this deterioration of tracking, and good reviews 
of these laboratory studies have been presented by Muckler and Obermayer 
(1964), Poulton (1974), and Ricard and Puig (1977). 


Often the variables sent to the various display systems of flight simula- 
tors are adjusted to try to cope with processing times and system lags, and 
these changes often introduce problems of their ow -- usually an increased 
responsiveness that is annoying if the display system itself is responsive. 
Cooper, Harris, and Sharkey (1975) demonstrated that most of the differences 
between control of a delayed system and a normal one are low-frequency -- a 
finding that opened the possibility of attenuating the noise of the adjusted 
signals without affecting the "signal" portion. Ricard, Norman, and Collyer 
(1976), and Ricard, Cyrus, Cox, Templeton, and Thompson (1978) have presented 
some results of compensating for delays in this manner. An efficient way to 
produce the compensation used in those studies is described by Cyrus (1977). 


Another problem that time delays cause for simulator-based flight training 
is that the outputs of different display systems lag the output of the aero- 
dynamic model by different amounts. This reduced temporal congruence of cues 
for aircraft motion have been a source of worry -- especially since Miller and 
Riley (1977) have shown that too great a temporal disparity can cause nausea. 
Few data exist on this aspect of device design, but some may be available 
soon (Junker, 1978). When the cues do correlate, the presence of the cues 
produced by a device's motion base do aid control in the presence of a delay, 
extending the visual system delay that can be tolerated for a given simulation. 


f. Acceleration. The centrifuge is an alternative device to the aircraft 
simulator. It provides a means for simulating sustained acceleration cues for 
much longer durations than is possible on conventional motion-base simulators. 
The centrifuge, however, produces unwanted Coriolis effects which can dis- 
orient and produce motion sickness. These anomalous effects are disconcerting 
to the subject and, generally, affect his performance, thereby contaminating 
any experimental results. Brown (1960) discusses the limitations of centri- 
fuge simulation. He states that the disadvantages must be taken into account, 
but, in general they appear to be outweighed by the advantages of centrifuge 
research. 


Much of the literature on the effects of acceleration on pilot performance 
and human tolerance to acceleration, has been generated at the Aviation Medi- 
cal Acceleration Laboratory Centrifuge, Naval Air Development Center, War- 
minster, Pennsylvania. Another Navy organization that studied acceleration 
effects was the Naval Aviation Medical Research Laboratory at Pensacola, 
Florida. 


Probably, the most frequently studied effect of centrifugation on human 
tolerance and performance has been the perception of motion and orientation 
in space as sensed by the vestibular organs. Vision, however, is the sense 
modality most dramatically affected by acceleration. For an excellent review 
of the effects of acceleration, on the senses, motor behavior, complex tasks, 
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cognitive processes, and psychological effects, the articles by Brown and 
Lechner (1956) and Brown (1960) are highly recommended. 


g- Tracking. There is a voluminous amount of literature on tracking; 
however, we have included only those studies related to motion simulation. A 
tracking task using an oscilloscope presentation is often used for studying 
the effects of motion. In fact, Gundry (1976) recommends the use of tracking 
as a procedure for determining practical motion thresholds during simulator 
operation. He stated that, once a minimum value of a motion cue which affects 
operator tracking performance has been determined, an effective threshold to 
motion has been established. 


For those interested in other aspects of tracking, it is recommended that 
they refer to Mehr's Bibliography of Tracking Controls (1967) which has 371 
entries. Arother excellent, and more recent source 1s Poulton's (1974) book, 
Tracking Skill and Manual Control, which contains 370 references. 


To summarize, there is experimental evidence that: 


(1) Motion can be reduced without significant change in the simulator 
: formance. References: Bergeron (1970); Matheny, Lowes and 
Bynum (1974), Note: As Gundry (1976) pointed out, these experiments used 
disturbance and maneuver motion with the main task as tracking a disturbance 
input. Dr. Gundry stated that what should be used to determine minimum levels 
of motion is the degree of maneuver motion required, He recommended that 
similar experimentation be conducted using a command input and maneuver motion. 


(2) Motion simulation results in better performan fixed-base 
simulation. References: Beck (1974; Bergeron and Adams (1964); Buckhout, 
Sherman, Goldsmith and Vitale (1963); Cooper (1963); DeBerg (1976); Douvillier, 
Turner, McLean, and Heinle (1960); Flexman (1966); Gerathewoh] (1969); Guerico 
and Walt (1972}; Huddleston (1966); Matheny, Dougherty and Willis (1963); 
Rolfe, Poulter and Smith (1968)*; Ruocco, Vitali, and Benfari (1965); Sadoff 
and Harper (1962). See Figures 12, 13, 14, 15. 


(3) Motion did not produce better performanc motion. Refer- 
ences: Gray and Fuller (1977); Waters, Grunzke, Irish and Fuller (1976); 
Woodruff (1976); Irish, Grunzke, Gray and Waters (1977); Martin and Waag 
(1978); Irish and Buckland (1978); and Cyrus (1978). 


* (In Rolfe, Ed., YAM Report 442.) 
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SECTION VII 
EVALUATION 


"In discussions on method and scope, a man is nearly sure to be right 
when affirming the usefulness of his ow procedure, and wrong when denying 
that of others." 


Alfred Marshall 
(Principles of Economics, 
Macmillan, 1890) 


In attempting to provide a brief review of the current status of motion 
systems evaluation, it must be borne in mind that the field of training eval- 
uation is as yet not an exact science. The inability to resolve the basic 
issues of the role cf motion in simulation by the application of an effective 
methodology can be explained, at least partially, by the slow developments in 
this field. | 


Although some work in training evaluation can be traced back to the early } 
1900's, it was not an area of widespread interest because the value of 
training was taken for granted, and it was assumed that there was little need 
to evaluate it. The emphasis at that time was upon traditional scholarship 
as opposed to experimental methods. | 


The recent emphasis on the substitution of simulation for in-flight 
training resulted from the energy shortage and concern over the value of 
training per dollar spent. This sudden interest has placed an unexpected 
demand upon the field of training evaluation which had not advanced as rapid- 
ly as other, more popular fields. The traditional methods of evaluation were 
based almost exclusively on instructor ratings and questionnaires as measures 
of training. These methods are subject to the criticism of being too sub- 
jective. 


More recently, experimental and quasi-experimental techniques have been 
used; however, lack of standardization of terminology and omission of precise 
definitions of the motion drive algorithms and apparatus used, has produced 
results which are difficult to interpret and replicate. To condense the re- 
sults of these studies into a single generalization would be very risky. 

This topic has been discussed more thoroughly in Section IV, Requirements. 


Despite the many obstacles found in the way of effective evaluation tech- 
niques, the major obstacle is the criterion problem. As stated by Gagne 
(1954), "When one inquires about the effectiveness of a device for training, 
one is really asking about transfer of learning to some criteria." This major 
problem involves the translation of training objectives into criteria. Al- 
though the type of experimental design is also a very important consideration, 
the ultimate strength of evaluation is in the criteria selected (Campbel] and 
Stanley, 1963). 


Despite this somewhat pessimistic introduction, the question of the value 
of motion in simulation should eventually be answered through experimental 
evidence. For this reason, this section is a compilation of studies that 
attempt to assess the value of motion in research and training simulators. 


5] 
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TRAINING EFFECTIVENESS 


As noted by several authors (Blaiwes and Regan, 1970; Roscoe, 1974; 
Williges, Roscoe, and Williges, 1973), three criteria must be considered in 
properly evaluating training effectiveness: (1) efficiency of original 
training, (2) transfer of training, and (3) retention of training. Unfortun- 
ately, the third criteria -- retention -- has been the one most neglected. 

As stated by Williges et. al. (1973): 


"Interestingly, the most common measure of training effectiveness, 
retention of material learned, has been generally ignored in the evaluation 
of simulators. Most studies fail to measure the permanence of simulator 
learning, despite the obvious importance of retaining flying skills." 


These authors go on to explain the reasons for this deficiency: 


"Measurement of retention is hindered by such problems as variations 
in the original training of subjects, difficulty of controlling the amount 
of flying experience each individual pilot receives during the retention 
period, and unavailability of subjects after a sufficiently long retention 
period. The lack of simulator studies using a retention measure reflects 
the general insufficiency of information relating to retention of pilot 
skills or, for that matter, retention of any complex motor skill." 


Considerable progress has been made during the past few years in both 
developing assessment methods and applying these methods in the evaluation 
of training devices. This subsection, of Section VII on Evaluation, contains 
those studies which involve evaluation of the training effectiveness of motion 
in simulation, 


HUMAN PERFORMANCE 


The effects of simulator motion on a pilot's ability to perferm a flying 
task is the major concern of the studies reviewed in this subsection. Since 
it has been observed that a human operator is an extremely adaptive component 
of the simulation systems evaluated, current evaluation approaches tend to 
concentrate on human performance as contrasted with overall systems perform- 
ance. 


FIDELITY 
"Happiness is a perpetual possession of being well deceived." 


Jonathan Swift 
(Tale of the Tub) 


"Go, gO, go, said the bird: human kind cannot bear very much reality. “ 


T. S. El tot 
(Burnt Norton) 
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If liberties may be taken with these quotations, and we interpret them to 
mean that the simulator designer has found what the artist has always known 
about the place of illusions in perception, then so much the better for the 
art and science of simulation. 


Realism per se in the accepted meaning of the term, does not provide a 
satisfactory basis for evaluating simulator design; transfer and retention 
of training are the important dimensions. One role that realism plays, how- 
ever, is that of increasing simulator acceptance and trainee motivation. A 
trainee may practice more, and practice harder, if he thinks the simulator 
looks and "flies like the plane" whether it actually does so or not. One of 
the greatest obstacles to psychological fidelity in aircraft simulation is 
the inability to simulate all aspects of the aircraft's motion and handling 
qualities in a way which is acceptable to the student pilot. 


SUBJECTIVE APPRAISAL 


"When you cannot measure it, when you cannot express it in numbers, your 
knowledge is of a meager and unsatisfactory kind." 


Lord Kelvin 


OBJECTIVE MEASUREMENTS 


"When you can measure it, when you can express it in numbers, your knowl - 
edge is still of a meager and unsatisfactory kind. 


Jacob Viner 


Subjective appraisal is usually criticized on the basis of its lack of 
consistency whereas the requirement for objective measurement is emphasized. 
Although not always as consistent, pilot opinion 1s usually more sensitive to 
handling qualities than objective measures provided by automated equipment. 
In addition, pilots can be trained to give consistent ratings which correlate 
highly with objective measures. Subjective and objective measures both can 
be valuable analytic tools and should be used to supplement each other. 


Pilot opinion of handling qualities has been used for design guidance 
since the += ly 1930's (Frost, 1972). In 1957, George E. Cooper of the NASA 
Ames Resea .m Center encouraged the standardization of rating systems and 
constructed the Cooper Rating Scale. Since this scale was constructed, modi- 
fications have been made as a result of objections that were raised to the 
limitations of the earlier scale. One of the primary aims was to increase 
the inter-rater reliability of the instrument. Two new revisions, the Cornel] 
Aeronautical Scale (Harper and Cooper, 1966) and the Systems Technology Scale 
(McDonnell, 1968) resulted. These revisions have increased inter-rater rel ia- 
bility by clarifying the relation between task and mission, and spreading the 
rating categories more uniformly on a scale of acceptability. 


The experimental measurement of performance cannot yet replace pilot eval- 
uation. Measurement of system performance is not sufficient because good 
performance is not always related to good handling quality. The pilot, being 
an adaptive controller, is capable of attaining the same performance for a 
wide range of vehicle characteristics. Significant differences in his task 
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performance may not be measured when very real differences in mission 
suitability do exist. However, the control technique (pilot output) required 
to bring about identical system outputs can vary significantly (Harper, 1964). 


COMPARATIVE STUDIES 


This section contains abstracts of evaluative studies that identify dif- 
ferences between ground-based and in-flight simulation, between performance 
in ground-based simulators and performance in the aircraft, and variations in 
performance as a function of motion or static simulation. 


A series of such studies has recently been completed by the Air Force 
Human Resources Laboratory at Williams Air Force Base, Arizona on the Advanced 
Simulator for Pilot Training (ASPT). Table 5 in Section IV of this report 
contains comments on these studies (Waters, Grunzke, Irish and Fuller, 1976; 
Woodruff, 1976; Gray and Fuller, 1977; Irish, Grunzke, Gray and Waters, 1977; 
Martin and Waag, 1978; Irish and Buckland, 1978; and Cyrus, 1978). Table 3 
in Section III includes comparative studies on G-seats. 


During the 1960's, a number of comparative studies were made at the Royal 
Aircraft Establishment, Bedford, England for several types of aircraft and 
flying tasks (Perry and Naish, 1964; Perry, D. H., 1966). Some time history 
curves taken from Perry's (1966) report are reproduced in Figures 16 through 
19, His explanations of each example follow: 


"In the first two figures (16 and 17) time histories of complete 
manoeuvres made by the same pilots in flight and in the simulator are compared. 
Figure 16 shows the take-off manoeuvre in a Comet jet transport aircraft, and 
Figure 17 the transition from wing-borne to jet-borne flight in the S.C.1 
vertical take-off aircraft. To establish whether there were significant 
differences between the behaviour in flight and the simulator it was, of 
course, necessary to compare many such records, so that the random variation 
between one manoeuvre and another could be eliminated, but those shown are 
fairly typical. In the case of the transition manoeuvre (Figure 17) there is 
an obvious difference in the pilot's pitch control inputs at high frequency, 
but this is believed to stem from an irregular motion of the aircraft, due to 
lift engine interference, a feature which was not represented on the simulator. 
Apart from this particular feature, the general character of the manoeuvres 
in flight and in the simulator is seen to be very similar. This correspon- 
dence, coupled with favourable subjective assessments by the pilots, was con- 
sidered to give an adequate validation of the simulation in these two cases. 


Figure 18 shows a more detailed examination of one particular feature 
during another flight/simulator comparison. It concerns aileron control] usage 
during flight through turbulence on the Avro 707A, a small delta winged re- 
search aircraft. Again the same pilot was flying in each case. The time 
histories of aileron usage show good correspondence, both in the general 
characteristics of the way that the controls were used, i.e. in frequency 
content, and in the variation in amplitude with the level of turbulence. But 
pilots’ subjective assessments in this case were that the simulated task was 
more difficult than that in real flight, probably because cockpit motion was 
not used. Good aircraft attitude information was available from the horizon 
display. 


NAVTRAEQUIPCEN IH-298 


PLIGHT SIMULATOR 


ELEVATOR 
ANGLE 
PITCH 
ATTITUDE 
AIRSPEEO 
HEIGHT 


(from Perry, 1966) 


Figure 16. Comparison of Actual and Simulated Takeoffs in a Jet 
Transport Aircraft 
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Under more exacting conditions the lack of cockpit motion may lead to 
more obvious difficulties in controlling the simulator. Particular cases 
where this has been observed are where the aircraft is more than usually 
sensitive to external disturbances, or where there is a lack of inherent 
stability in the aircraft itself. An example of the latter case is provided 
by the H.P.115 slender wing research aircraft, where a divergent lateral 
oscillation develops at low flying speeds. In real flight it has been found 
that this motion can be very easily suppressed with one or two well timed con- 
trol movements, and to demonstrate this pilots frequently allow the motion 
to diverge to quite large amplitudes before taking corrective action. 
Attempts to reproduce this demonstration with non-moving simulation have 
proved consistently unsuccessful, even with very good visual simulation of 
the outside world. With the addition of the motion cue, however, the task 
may be performed almost as easily in the simulator as in flight. This is 
illustrated by the records shown in Figure 19, taken in flight and on the 
moving simulator with the same pilot in control. 


The validation, wherever possible, of simulator studies by comparison 
with real flight, in the manner illustrated by these examples, must form a 
natural and important part of the work of any simulator group, for only in 
this way can a body of experience be built up which will allow confidence to 
be placed in simulation studies of future aircraft. Such work also points 
the way to areas where the development of new simulation equipment will be 
most profitable. 


In the case of the R.A.E, Bedford simulator, for instance, some of 
the conditions which have proved .most difficult to simulate realistically are 
height control during V.T.0.L. hovering, yaw control during V.T.O.L. hovering, 
and the representation of sudden yaw disturbances in conventional flight. It 
is hoped that the development of improved visual simulation devices and the 
planned addition of yawing motion to the cockpit may help to overcome these 
difficulties." 
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Figure 18. Comparison of Aileron Control Usage in Actual 
and Simulated Flight Through Turbulence 
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Figure 19, Demonstration of the Pilots Ability to Control 
an Unstable Lateral Oscillation in Flight and 
in the Simulator 
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SECTION VIII 
VERTICAL MOTION 


A special section has been devoted to this particular degree of freedom 
of motion because of its importance in vertical take-off and landing (VTOL) 
and hover controllability. Even in conventional fixed-wing aircraft, the 
pilot's task in the flare and landing maneuver is to some extent dependent on 
the perception of vertical motion. In simulation of flight-path control near 
touchdown, the task appears unrealistically difficult. Deficiencies in visual 
and motion cue reproduction have been suggested as probable causes of this 
discrepancy. Bray (1973) performed a study using the Ames Height Control Test 
Apparatus (HCTA) and concluded that vertical motion cues are used in the 
landing task, and that they are particularly important in the simulation of 
aircraft with marginal longitudinal handling qualities. 


An interesting approach to helicopter simulation was reported by Caro and 
Isley (1966). The device used consisted of a captive helicopter mounted on 
a ground effects machine. It had the approximate handling characteristics of 
a free-flying vehicle and allowed the students to obtain aeronautical experi- 
ence not otherwise possible at their level of training. 


59 


COOL LC ALL LLL LLL 





a SE 


NAVTRAEQUIPCEN IH-298 
SECTION IX 
COST-EFFECTIVENESS 


As cost-effectiveness is an important ingredient in the determination of 
training effectiveness, and since motion systems constitute a part of simu- 
lator costs, it seemed appropriate to include a few reports in this area. 


Colonel Ripley, Chairman of the Air Force's Simulator Panel, reviewed the 
cost of acquiring and operating Air Force simulators in his briefing (1977). 
In summarizing the costs incurred for procurement, military construction and 
ten year operating and maintenance costs, his analysis indicated that motion 
platform procurement represented about 24 to 7 percent of total simulation 
program costs. 


As indicated by Valverde (1973), "Practical decisions in the use of 
training devices depend upon compromises between economic and training ob- 
jectives." 


An excellent, recent contribution in this area is the two volume work by 
Orlansky and String (1977). The first volume concerns the use and effective- 
ness of flight simulators and the second volume addresses methods of estimating 
costs of training in simulators and aircraft. 


60 








ORGANIZATION 


NASA-Ames 


NASA JD es 


NASA-Ames 


NASA WB es 


NASA-Ame s 
NASA-Langley 
NASA-Lang ley 


USAF=-ASD 
Aeronautical 
Systems Div 


Nava 
Equipment Ctr 
Nava 
Equipment 
Center 


US Army OM 


NASA=Marsha 
NASA-Marsna 
ln . ight 
Dynamics Lab 
USP 1g 
Dynamics Lab 
USP ight 


Dynamics Lab 


raining 


raining 


ANGULAR PERFORMANCE RADIANS 8 SECONDS | 












SIMULATOR NAME eee | eee P 
| EXCUR VEL ACCEL | EXCUR VEL ACCEL | EXCUR Vi 

Flight simulator 40.79 41.77 44.0 [40.40 40.7 #2.0 140.52 +40 

for Adv. Aircraft 

1X-degree o +I. +4, +0.61 +. 

freedom flight 

simulator 


Height contro 
test apparatus 






transport 
simulator 












Vertical Acce 
roll device VARD 






CO 
e 
|+ 
fo) 


It 


am 

oO 

be) 
Q 
31 

—- ct 

oO = 

u® 
—. 
= 
Cc 
—_~ 
Q 
s 

+ ° 

— 

ct 

[+ 
e 

CO 

+ 

e 

= 

Ss 

ct 

[+ 
e 

CO 

1+ 
e 

CO 

oOo 

= | 

ct 

[+ 





rew station + 
simulation -0.24 
facility 


Ai AV 


actical Avionic 
System Simulator 





ree-degree 0 +0.16 
freedom '-0.28 
simulator | 

1X=degree o S 
freedom simulator | -0.28 

AMAR [40.43 47.0 


+ 
CO 
e 
Cc) 
e 
(+ 
se 
Co 
[+ 
-_> 
e 
|+ 
CO 





|+ 


I+ 
-_ 


ae , 





TABL 


From Burke et al 


N SECONDS TRAN K ONA PERFORMAN \ ND OND y 4 
pemenne. st a i AVATLABLE 
eS | LONGITUDINAL == | LATERAL VERTICAL SYSTEM DIS 
, erage Oar rae V ACCEL 







e e + q 
‘ “3.2 
a 


+ 
= 
= 
O 

I+ 
-_ 

o 
= 


[+ 

CO 

e 

i+ 

e 

O 
+ 
CO 
+ 
+ 

+ + 


+ 
-_ 
. 
O 
[+ 
Oo 
e 
O 





[+ 


- - - - - - = - (41.0 +1. + 
‘ i _ —_ 
40.26 42.0 | 44.0 42.0 +19 (44.0 42.0 19 09.0.0 + 
\— _ ~ -_ -_ = 
+1.05 +3.50 = - - | +10 +10 +64 +10 +10 +9 
i— —_ — =_ - pe 

+0. +0.3 = ~ | +0, +1, +20 +2,0 Yes +25 .6 
- - - - - «= « « +2.0 Yes + 





' 





+0 .26 +0.6 +4 0 te OU + 6. + 0 +10 +24 +30 +20 +3 Coll ima ted 
monitor 

41.0 +1.0 + +6.0 +6 +6 +4 +6 +20 +6 +6 

+0.44 +2.0 +4, +2, +19 +40 + +19 s + + 


Collimated 
for pilot 4 
Real worlc 
uncol 1 imat¢ 
for other 


+0.7 = +2.0 44.0 +6.32 +10 #17.0 +12 48.65 +12. 0) 
¥ + mee 


for bey 





Coll imated 
for pilot 


Moni tor o 
world 
ofor 












tors from 
SMK-23's 





project 
foot diame 
Image gene 
camera/mod¢ 


48-degree 
pancake Cc 
optics 
Above hard 
available 
amera/moq 
projector ; 
Non-pup1 
collimated 
Non=pup1 
collimate 


| optics 
19 42.9 +2.0 +32 eon hardware 


. +2.0 Yes 7 Non=pup orming, ransport cockpit 


available 
+10 +10 +9 amera/model & earth/sky 
: 4. = projector; target A/C 
+2.0 Yes +25 ..6 Non-pup orming, ighter cockpit 












NAVTRAEQUIPCEN IH-298 


TABLE 1. MOVING BASE RESEARCH FLIGHT SIMULATORS OR 
MOTION SYSTEMS FOR GOVERNMENT 
From Burke et al 1975 
Sie? AVAILABLE V AL 
VERTICAL SYSTEM DISPLAY { GENERAL COMMENTS 
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,Previous generation link OFT motion 
‘system, perf. is nonsimultaneous. 
ollimated monitor 'Two-man cockpit 
















for pilot & co-pilot 
+302 +20 +3 ollimated color ‘Motion system checkout complete 
monitor 
+20 +6 +6 Monitor or rea /One- & two-man cockpits 
world 
ate, Sel I + olor ink present generation OFT motion 
-3.2 system to be outfitted with cockpit 
+2.0 - +25.0 - & 1Q00-line moni- Actually 3 separate modified 0 Ss per- 
{ tors from modified ‘formance data for F-11171 system. Other 2 
SMK-23's “like Ames MCTS - no yaw or lat, radar 
‘land mass simulation available, flight 
‘dynamics lab has similar system. 
i+1.Q0  +1.0 +24 B/W monitor ‘Used for trainer research, CAE 4D0 
va picture motion system F-111 equiv. cockpit 
1 +2. +2.0 +2576 projection onto 20- | Background TV channel is low resolution, 
as foot diameter dome. wide angle. The target TV channel's 
Image generation: narrow FOV presents a high resolution 
camera/model or CIG. ‘image for insertion into 
background channel. 
| +0. +16 RT's with colli- wo upgraded SMK-33"s with identica 
‘- mating pancake windows models for visual image gen. two identi- 
| cal cockpits and motion systems. 
LP ee a P ¥ ' 8-degree B/W TV wit Upgraded SMK-23 available as part of lab 


pancake collimating 


collimated color 


collimated color 
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AN I AD DED ORMAN \ RAN AK R SE OND 
ORGANIZATION | SIMULATOR NAME S| See eee | | I Bee 
EXCUR VEL ACCEL | EXCUR VEL ACCEL | EXCUR VE 


Boeing-Vertol | Six-Degree of S032 P17 F752 40,23 #1.2 #4.2 } 40. 
Freedom 
Motion System 
Grumman ree-Degree 0 +40 +40 
Pin os Freedom Motion 
Simulator 
ockheed 11g t Training < ° 
ese ferro 
+ 
























Lockheed 
Canyon 


cught 
Amplitude 
Motion System 
Vought arge 
Motion System 


MACUDP Moving Base 
icDonnel1/ Simulator 

St Louis 

Rockwe 4-Degree of Free- 
International- | dom Dynamic Flight 
olumbus Simulator 


Rockwe HOTRAN 
International- 
Los Angeles 


ROCKWe ransport +0, 
Intl., B-1 A/C Sim -0. 14 
Division 
Un ted +0 sO + 
Research Labs 
+ + + & 


Northrop arge Amplitude -~- 


Wide Angle Visual 
Less WAvs 


Flight 
: Simulator 



















(+4.8 +40 | - - - - - - - - - *3,0 14750 
°+0.27 +0. +0.44 40.35 +0. .8 un 
+0.26 = 0 #1.0 
40.90 + +0.18 +0.90 + 0 45.2 
+0, +1.0 +0219 +0.28 +20 U +20 
+. ies cS 
‘= ) +74 
: : oF 40.50 +0.83 
rs | a x : = 
f.9 | ioU fo SE ae Gow, te.9 $5.0 
ay - > > rest cae <a ue = 
40.56 +7.8 |+0.69 +0.70 +7.8 45.4 45.9 +48 BLT: +6.0 +46 


+97 


|+ 





Unknown 


Ine Pro 
Servoed 


B/W proj 
collimat 


Up sphe 
for proj 
or camer 


co 
for colo 
or CGI 

V monit 
camera/m 
project 
Point 11 
be able 
from cam 
optics b 
or proje 
IV monit 


Various 
camera m 
horizon 
00 Hori 
source 


Collimat 
monitor 


OND 





\CCEL | EXCUR VEL 
#29 {40.42 +2.2 

- 43.0 +/.0 
+16 +¢.65 un 
+6.4 [+1.0 +1.0 
FTE /37.0 35-1 
ATIF [HO #20 
*. +70 +13, 
pe ae ee 

- +0.50 +0.83 
a 
= ae 
en Se 
C335 53. 
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TABLE 2, MOVING BASE RESEARCH FLIGHT SIMULATORS OR 
MOTION SYSTEMS FOR INDUSTRY 
From Burke et al., 1975 
\] f\ 


AVA AR 


SYSTEM DISPLAY GENERAL COMMENTS 


+65 CGI, 38 X 53, B/W One-man cockpit, control loaders 
600 TV lines, 
collimated 
J ear 


+24 ine Projector wit y identical to Langley 6-deg 
Servoed speed & optics {motion base, built as L-100 trainer; use 
for research is potential 









* B/W projector or wo Camera/Model Vis. Image Gen. 
collimated monitor 

+176 0 spherical screen Motion system can mount any of severa 

-112 for projection of CGI ]-man or 2-man cockpits. Control 


or camera model images {loaders available 



















+62,.4 } 

hac { 

+100 collimated monitors | Boom-type system, generally built 
for color camera/model | for fighters 
or CGI 

+16 V monitor & large erformance numbers are specs. 
camera/model system can | boom-type system 
project horizon slide | 

Un Point Tight source, must! Interchangeable cockpits, made for 


be able to mount monitor|VTOL hover 
from camera model | 
- MK- upgraded 
optics by monitor 
or projector 
+3 V monitors @ ranklin Inst. Pilot Model of 
- -Singer-Link 6 DOF 


ransport cockpit 





camera model & 
horizon projector 

O00 Horiz point light 
source 


ransport cockpit in-house built, 
monitor Franklin Institute-type motion 


+53 ollimated color 
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CIVISTGNs REPORT FOCC TY 64028 AUGe 1964e 
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ANMmARRAR, ReCe 

FLIGHT SIMLLATIANs, FAST, PRESENT AND FUTUREe 
ATAA SECBNC ANKLAL MEETING AIAA FAPER 65°480, 
SAN FRANCISC6, CAs JULY 26°29 19656 
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AL PER YW» wees GLUMa DeRe AND KREN»s Gede 

MATION AnC FORCE CUING REQUIREMENTS ANC TECHNIGUES FER ADe 
VANCED TACTICAL APRCRAFT SIMULATION, PRESENTED AT AGARD MEETING 
SN RPILATEC AIRCRAFT ENVIRONMENT SIMULATI6BN TECKNIGUESs BRUSSELS, 
PELGLLUMs @4°27 APRIL 1978e 
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PELL RELICOPTER C@RPARATIE6N. RESULTS SF ENGINEERING TEST MADE 
SN. TRE FRANKLIN INSTITUTE DYNAMIC FLIGHT SIMULATORe FORT WORTH, 
TEXAS, REFGRT NO@e D228"°370°0C1s APRIL 1960s 48 PPe AD236 660 
LoF=1125 
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AN PN YMALS 

NATTSNAL AERGNALTICS ANC SPACE ADMINISTRATION GUICE FER PLANNING 
INVESTIGATIONS IN TRE AMES PILSTED FLIGHT SIMULATSRGe ‘AMES 
RESEARCR CENTER', MAY 19626 
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ANFRYMBLS 

NATIPNAL AERANALTICS ANC SPACE ADMINISTRATI6Ny SIMULATION 
ScTeEnces CLVISIONs, 'SIMLLATAR FACILITIES DESCRIPTIGN SHEETS', 
(COWER LETTER FLE8243"2) AMES RESEARCH CENTER, MOFFETT FIELD, 
CAs AFRIL £97Ce 
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ANP he CYSAMIC MANNED VEHICLE SIMULATOR. 'AIRCRAFT ENGINEERINGt, 
eANLARY £972 
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AN FRY MOUS 

"ARMY TRAINING CEVICE AGENCY! 

FrVEeyWEAR FLIGHT TRAINING SIMULATIB6N DEVELEPMENT AND MANAGEMENT 
FLAN 

FISCAL YEARS 197601980+ 

REP@RT ATDCA*TRe75<COC1s AD AQL8*027» GRLANDG Fle 19756 
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ANPRYMHLS 
FLIGHT STIMULATORS = WEARING BEFG@RE THE SUBCOMMITTEE GN RESEARCH 
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ANC DEVELOPMENT OF THE COMMITTEE -8N ARMED SERVICES, UeSe SENATE, 
S4Te CANGRESS, SECOND SESSIO@Ns MAY 139 19762 LeSe GAVERNMENT 
FRINTING OFFICE, WASHINGTON, DeCey 19766 
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ASKWARTK, HBeRe AND KAHLEAUM, WeMe JRe DESCRIPTIA8N AND PERF 6Re 
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LANGLEY», TECRNICAL NOTE! TN De7304s JUNE 19736 
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ASKWARTK, BeRe AND PARRISHs ReVe 

A VISLAL MSTI6N SIMULATBR FAR GENERAL AVIATION COMPENSATED WI THe 
IN TkE N@NLINEAR ADAPTIVE WASHSUT FOR ACTUATOR LAB. 

NASA LANGLEY RESEARCH CENTER, HAMPTO@Ns VIRGINIAe PRESENTED AT 
TRE 'alAA VISLAL AND MOTIBN SIMULATION CONFERENCE', AIAA PAPER 
NPe 76=Cele AFRIL 2628/1976 
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FAARSPLL, Me ANC VAND@BRENs Je Fe 

THEE bYBRIC SIMULATION OF AIRCRAFT MATIBNS IN A PILOTED MOVINGe 
RASE FLIGFT SIMLLATARe 

TECHENESCHE HOGESCKOASBL» CELFT (NETHERLANDS) 

AVATLABLE ATIS*FC AC8/MF AQL 
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2aFET, Me SIX CEGREES OF FREECOM LARGE MOTION SYSTEM FOR FLIGHT 
SIMLLATARSe FRESENTECD AT AGARC FLIGHT MECHANICS PANEL SPECIALe 
ISTS' MEETING BA PILATEC AIRCRAFT ENVIRONMENT SIMULATIGN TECHe 
NIGLESs BRUSSELS» BELGILMs APRIL 24827, 19786 


PREP EP EPPCCEESESOOCEEESCSTC OSES CESS CRETE REET RRP TEL fT 


ORAY, ReSe INITIAL BPERATING EXPERIENCE WITH AN AIRCRAFT SIMUe 
LATPR wAVIAG EXTENSIVE LATERAL MO@TIO@Ne AMES RESEARCH CENTER, 
MOFFETT FIELC, CA 'NASA TECHNICAL MEM6RANDUM! X*62, 155 MAY 
19726 
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PGAY, ReSe 'A STLOY BF VERTICAL MOTION REQUIREMENTS FOR LANDING 
SIMLLATIAN'e 'HUMAN FACTORS', 1973» 15, 561°568e 
ALSA NASA TECRe MEMB TM X962,236 AUGUST 1972 
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PEPAK, BePe AKC YORNSON, Keyes MOVING COCKPIT SIMULATOR INVESTI © 
CATIAN 98F THE MINIMUM TA@LERABLE LONGITUDINAL MANEUVERING STABILe 
17%, 'NATIANAL AERONAUTICS AND SPACE ADMINISTRATION TECHNICAL 
NATE! Cedés LANGLEY RESEARCH CENTER, LANGLEY FIELDs VIRGINIA, 
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PURKE, ces DUAN» ReSes» CUSTERBERRY» JUeCes KEYs DeLes SINACORE, 
wetes AND XENAKIS» Ge A TECHNICAL ASSESSMENT 68F LeSe ARMY 
FLIGHT SIMLLATIAN CAPABILITY AND REGUIREMENTS FOR AVIATIBN REo 
SEARCe ANC DEVELOSPMENTe ASROA REPERT 7S5e1s ADVANCED SYSTEMS REeo 
SEARCh G6FFICE, LeSe ARMY AIR MGBILITY RESEARCh AND DEVELOPMENT 
LAP@RATORY» AMES RESEARCH CENTER» MOFFETT FIELOs CAs APRIL 19750 
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CARGs Pewes VOLLEYs OeBey ISLEYs ReNe AND WRIGHTs Rete 
CETERMINING TRAINING DEVICE REGUIREMENTS IN FIXED WING AVIATOR 
TRAININGe HUMRRO TECHNICAL REPORT 720114 APRIL 19726 
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CHALK, Ce Res AND WASSERMAN, Re 
AN ASSESSMENT GF THE ROLE OF SIMULATORS IN MILITARY TACTICAL 
FLIGKT TRAININGe 

CALSFaN CORP e . 

REPORT AK@597CeF=1 FOR BFFICE SF ASSTe SECRETARY 6F DEFENSE, 
WASFINGT@Ns Ce Ceo 

20 SEF 19766 
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CHAMPERS, WeSes AWAVS! AN ENGINEERING SIMULATOR FAR DESIGN OF 
VISLAL FLIGHT TRAINING SIMULATO8RSe AIAA VISUAL AND MOTION SIMUe 
LATI@N CANFERENCE PROCFECINGSs DAYTENs BH»s APRe 26-289 19766 
(ALS® [N we BF AIRCRAFT,» VOL>¢ 145 NBe 116 NOVe 1977) 6 
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CALLACSTTs Re (ECITSR) 'SIMULATORS INTERNATIANAL GUIDE's GOWER 
REFERENCE PUBLICATIONS: REOWGBC PRESS LTDe» TROWBRIDGE, 
wWILTSRIREs ENGLANCe 197360 
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COFELANCs weles KARLBAUMs WeMe UR» BARKER» LeEos 

STEINMETZs GeGesg AND GROVEs ReCe AEROSPACE TECHNOLOGISTS» NASA 

LANGLEY RESEARCR CENTER» HAMPTONs VAc 

THE CESIGN BF DLAL WIDE ANGLE VISUAL CUE SIMULATORS AND THE 

~— BF MLLTIAXIS PROVECTION EQUIPMENT (AJAA CONFe MARCH 
“12 197C (CAPE)) vW70"256 
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CYSLS, Mele ENERGY CONSERVATION THROUGH THE OPTIMIZATION OF 
wKYCREALLIC POWER SUPPLIES FOR THE SIX DEGREE 6F FREEDOM MOTIAN 
SySTe&re FLYING TRAINING DIVISION, 'AIR FORCE HUMAN RESBURCES 
LAPARATORY REPORT! AFHRLeTRe77°7. WILLIAMS AIR FORCE BASE, 
ARIZO@RA 852245 MARe 1977 
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CAVIS», we ANC BEACSMOREs EoUe A MILITARY VIEW OF FLIGHT SIMULA® 
TIPNe IN PROCEECINGSs TWO-DAY SYMPBSIUM BN FLIGHT TRAINING SIMe 
LLATORS FOR TRE 7C'Se 14/15 BCTOBERs 1970+ THE ROYAL AERBNAUTe 
ICAL SSCIETYs 4& HAMILTEN PLACEs LONDON WIV BBQs 
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PETLYs wees GLASSMANs Ies AND HOUGHTON, DeBe A DYNAMIC AlRe 
CRAFT SIMULATOR FOR STUCY 68F HUMAN RESPONSE CHARACTERISTICS. 
'TRE FRANKLIN INSTITUTE LABBRATORIES's» PHILAs PAs TECHNICAL 
FEFQRT Fe2169, 3C SEP 19526 


RSA ECE ERR RCE SESE ETE REE EEE TETAS ET EET TEEPE LET TTT TTR TE TTY FT 


C8kC, Peye A CRITICAL ASSESSMENT BF GREUNDeBASED DEVICES FOR 
SPATTAL ORIENTATION TRAINING. 'SCHEBL BF AEROSPACE MEDICINE', 
PRAAKS AFBs TEXAS, REPORT SAM@TRe73"23, AD#764 740s AUG 19736 
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CUNLAPs CeSe ANC ANDERS@Ns FeEs AIR FARCE MASTER PLAN © SIMULA® 
TAPS FAR AIRCREW TRAININGe AFSC/XRLAs ANDREWS AFBs2 MDe REPORT 
N@e ASC/XF 74e2ey YUNE 1974. 
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CUNLAPs MeSe ANC WORTHEYs ReoEo 
AIF FARCE MASTER PLAN SIMULATORS FAR AIRCREW TRAININGs ASD/XR 
TR 75025 ANDREWS AFBs MARYLANDs SEPTEMBER 1975 
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SUSTERBERRYs VeCe AND BARNETT» ReMe A MULTIPUTPSSE RESEARCH 
LAPBRATBRY FOR FLIGHT SIMULATIONe 'THE AMERICAN SBCIETY OF MEe 
CKANICAL ENGINEERS! ASME PAPER 63@AHGT@87s JAN 19630 
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CYCAs KeJe ANC MCLEAN» heNe THE USE OF FLIGHT SIMULATORS T@ INe 
VESTIGATE SUPERSONIC TRANSPA@RT LANDING IMPACT CRITERIAe 'NO@RTH 
4MERICAN AVIATI6N»s INCe's LAS ANGELESs CAs SUPERSBNIC TRANSPORT 
RESEARCk PROGRAM SPONSORED BY THE FEDERAL AVIATION AGENCYs REe 
FORT nAwéS9"253°14 MAR 196360 
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ELTRICGE, we Me ANC CRANEs He Le 

LSE @F A LARGE VET TRANSPORT AS AN INFLIGHT DYNAMIC SIMULATOR, 
NAFTR ATLANTIC TREATY ORGANIZATION, 

ACVISSRY GRBLFE FAR AEROSPACE RESEARCH AND DEVELOPMENT 

AGARL REPORT SAR, MAY 196660 
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GALLAGHER» JeTe REGUIREMENTS 8N SIMULATORS USED IN HANDLING 
CLALITIES RESEARCRe AIAA PAPER 70353, 'AIAA VISUAL AND MBTION 
SIMLLATIAN TECHNOLBGY CONFERENCE', CAPE CANAVERALs FLs MAR 16018 
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EALLAGKERs JeTe AND NELSON» We USE OF SIMULATORS IN THE DESIGN 
ANC DEVELOPMENT OF FLIGFT CONTROL SYSTEMSe ‘SOCIETY OF AUTOMBe 
TIVE ENGYINEERS', 'thATIONAL AEROSPACE ENGINEERING AND MANUFACTURE 
ING MEETING's LOS ANGELES» CALIFORNIAs OCTOBER 16°18s 1973» 
FAPER NOe 7309336 
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VON GIERKEs HeEe AND STEINMETZs Eo ‘MOTION DEVICES FOR LINEAR 
ANT ANGLLAR OSCILLATION AND FAR ABRUPT ACCELERATI6N STUDIES ON 
HUMAN SLRLECTS" (IMPACT)* NATIONAL ACADEMY 6F SCIENCES» 
NATT@NAL RESEARCH C@UNCIL» WASHINGTAN DCse UeSeAe PUBLICA 

TION 9C3e 1961 

SPECIAL REPORT FOR THE FANEL ON ACCELERATION STRESSe ARMED 
FORCESe NATIONAL RESEARCH C@MMITTEE 8N BIBeASTROENAUTICS 
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GRAVES» Gebes YRe 
FLIGHT STMULATIE6N TECHNOLOGY © SIMULATION TECHNIGUESs NASA 
LANELEY 73470056. 1973 
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GLMs DCeRe ANC ALBERYs WeBeo 

INTEGRATION OF AN ADVANCED CIG VISUAL AND SIMULATOR SYSTEMe 
(USAF, ADVANCED SYSTEMS CIVISIBNs WRIGKT@PATTERSON AFBs BHIB)« 
TN VISUAL AND MOTION SIMULATION CONFERENCEs DAYTONs BHIOs APRIL 
2O"EBs, 19760 PROCEEDINGS (A76e29476 13853) NEw YORK, AMERICAN 
INSTITLTE OF AEROANALTICS AND ASTRONAUTICS» INCe 1976 Pe 320386 
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HAAS, Peles HOTZe HeEoe AND MILLSs Geo 

THE LARGE AMPLITUDE MULTI°M@DE AERGSPACE RESEARCH (LAMAR) SIMUe 
LATOR. AIAA FAPER NOe 79°922, AIAA VISUAL AND MOTION SIMULA] 
TIPR CONFERENCE, PAL® ALT6s CAs SEPTEMBER 10°12 1973 
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hACKLER, CoTe MOTION EGUATIONS FOR HOVERING EXPERIMENT USING 
CyYkaw TC PLATFORM. 'BELL HELICOPTER C@RPORATION REPORT! 
TePB-55C-CCSs APRIL 19606 
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A STLOY AF AIR FARCE FLIGHT SIMULAT@R PRAGRAMSe USAF 
AMRLeTReé7°114 AEROSPACE MEDICAL RESEARCH LABORATORIES» WRIGHTe 
FATTERSAK AFB, SKIG 1967 
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FARFER, Cowe SIMULATION FOR AEROSPACE RESEARCKe NORTH ATLANTIC 
TREATY QRGANIZATI@N, 'ACVIS@RY GROUP FAR AER@SPACE RESEARCH AND 
MEVELAPMENT's AGARCAGRAFRH 99, FEBe 19646 
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hLOCLESTANs HeFe AND ROLFEs JUeMe ‘'BEHAVIGRAL FACTORS INFLUENe 
CING TeE LSE BF FLIGHT SIMULATORS FAR TRAINING! e "APPLIED ERGOe> 
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“UNTER s GeSe ‘ATA URGES ADVANCES IN FLIGHT SIMULATORS'« "AVI Ae 
TIAN WEEK ANC SPACE TECKNOLOGY's MARCH 4s 19680 
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IRTEM, PoAss [IIs & BROW» JeEs SUBJECTIVE MOTION DISCRIMINAe 
TISN IN TRE SIMULATOR FOR AJReTBeAIR COMBATe AFHRLeTRe78"26,4 
wILLTAMS AFBs AZ? FLYING TRAINING DIVISION» AIR FORCE HUMAN 
RES@LACES LABARATORYs ALGUST 1978.6 
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LACBBSON, LeCes SCHAULTZs MeBe AND BLAKEs JeCe EFFECTS OF MOc5c 
TIPN FREGLENCY SPECTRUM 8N SUBVECTIVE COMFORT RESPONSE’ 
NASA CRe1{38883, 19736 
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eCPASON, hede CAPTe DESIRABLE IMPROVEMENTS IN FUTURE AIRLINE 
FLIGHT SIPMLLATARSe IN FROCEEDINGS OF THE TWHeCAY SYMPOSIUM ON 
FLIGwT TRAINIAG SIMULATORS FAR THE 70'S, 14/15 OCTOBER 1970, THE 
SEYAL AERONALTICAL SOCIETY» 4 HAMILTON PLACE, LONDON WIV OBGe 
FRe Aol TA Ae 
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KENNELLY» Eoues ‘DEVELOPMENT SF A MULTIPURPOSE RESEARCH SIMULAe 
TAR’, GRUMMAK RESEARCH BROCHURE, GRUMMAN AIRCRAFT ENGINEERING 
Che, BETHFAGE, NEW YORK» FEBRUARY 19596 
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KIQC, EoAos BLLLe Gis AND HARPER», ReoPo INeFLIGHT SIMULATIBN e 
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RECTESS» Fe Aes ANC DEETSs De Ae 
AN ACVAACEC METrAC FER AIRBORNE SIMULATIEBNe 
"Ue AIRCRAFT’, VO8Le le 4s JLLeALG 1964. 


Pw RP EVUECEECELESESE CECE SESE EET SER EERE EECCA ES 


REYAALDS, Fedes SCHELHORNs AcE* AND WASSERMAN, Re ORIVE LOGIC 
FAR IneFLIGHT SIMLLATORSe AIAA PAPER 739933, ALAA VISUAL AND 
MATIAK SIMULATION CONFERENCE, PALO ALTO, CAes SEPTe 19736 


PRORREUPUVESCESEUSEESCECESESE EEE ESE SEES EEE TEE ELE SEE 


Gebe RICARDs Mele CYRUS» CAPTAIN DeCe COXs TeKe TEMPLETON, LeCe 
THAMR SBA 

COMFFASATIBN FOR TRANSPORT DELAYS PREDUCED BY COMPUTER J MAGE 
CENERATIOAN SYSTEMS, NAVAL TRAINING EQUIPMENT CENTER, ORLAND@, FL 
ANC FLYING TRAINING DIVes AFHRL» WILLIAMS AFB, ARIZONAs NAVTRA® 
EGUIPCEN The @97/AFFRLeTR=78"46e JUN 197860 


—TRERETPERVTERESESCE CRE SESE SEES ETE T AEE ETERS EEE REE ARETE 


RICRARDG@Ne wele AKD A'RARRAHs ReCe ThE APPLICATION OF FLIGHT 
SIMLLATARS T@ TRE CEVELGPMENT OF THE AwSA VIGJLANTE* NORTH 
AMERICAN AVIATION, INCes COLUMBLS DIVISIONe PRESENTED AT 'AIAA 
SIMLLATIAN FOR AEROSPACE FLIGHT's NATIANAL SPECIALIST MEETING, 
COLLMBLS, OW16» ALG 26°28 19636 


TREC EPEFTERCEASES ELEC ELE EEE ERSTE EEE REESE REE RSE EEE Te | 


RIPLEY. Re AN ASSESSMENT OF THE FLIGHT SIMULATOR MOTION REo 
GUIREMERTe A BRIEF PRESENTED BY CALSNEL ROBY RIPLEY, CHAIRMAN OF 
LEAF SIMLLAT@R PANEL» AT THE AIR FARCE HUMAN RESSURCE LABe 
BRATARY, WILLIAMS AFBs ARIZONA* 27 JAN 19770 


TRO EUPERETERISECE CEE SSE SEE EE CER EEE EERE EEE 


ROLFE, VeMe 'VEKICLE SIMULATION FOR TRAINING AND RESEARCH', 
FARKBBRAUGRs ENGLANCS RAF INSTITUTE BF AVIATION MEDICINE, 
TAMeReehes MARCh 1968¢ U770651 (PROCEEDINGS OF A SYMPOSIUM HELD 
AT TRE UNIVERSITY OF SUSSEX AS PART OF THE 1968 ANNUAL CONFER® 
FENCE @F TRE ERGONOMICS SOCIETY?) 


POO CUTER ECECEEECECESESLESE ELEC EEE ERIE REET er | 


RALFE, VeMe ‘PLIGHT SIMULATOR RESEARCh AT THE ROYAL AIR FORCE 
INSTITLTE OF AVIATION MEDICINE's RAF INSTITUTE OF AVIATION MEDe 
ICTNEs JN "APPLIED ERGONOMICE's VOL> 4» NO By PP 84"90s 19736 


SOSH eHHaSHHOHHHHHHHHEHHEHHHHEHHHHHH HHH HHHHHEEHHHHHH HEHEHE EHEHHEe 


ROPELEWSKI]s ReRe SIMULATOR REFINES FIGHTER DESIGNe ‘AVIATION 
WEEK § SPACE TECHNOLOGY's MAY 8, 1972 


SOMOS ETASSFHHOHHEHHEHHEHOHEGHHHEHHHEHHEGEHHEHHHHHE HEHEHE HHEHEHE Ee 
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RLERAMN, Foe 

CESIGN AF A MBTIBAX SIMULATAR WITH SEVERAL DEGREES @F FREEDOM FOR 
ERGBNAMICS STLDIESe (IN GERMAN)» MUNICH TECHNICAL UNIVe MUNICH, 
wEST GERMANYe CELULTSCEHK GESELLSCRAFT FUER ORTUNG UND NAVIGATI@N, 
NATIANAL TAGERNG LEVER SIMULATIB8N IN DIENSTE DES VERKEHRS, BREe 
MEN, WEST GERMANYs APRIL 150172 19756 


TwePeOPEPTEERELTESESERESCES ESE SETS RARER TATE EECA EE eee ea ey te 


SCKhWEINFURTHs Re ANC SCKMIDTLEINs He REPORT OF THE DGLR SYMPG@e 
S1Lm tFLYGRT MECKANICAL SIMULATIBN © ON THE GRAUND BR JIN THE 
ATRe' FKELC AT OUSSELCSRF 8N DECe 4» 1970% GERMAN AIR AND SPACE® 
FLIGHT REPORT 7C#29, MAY 1971¢ TRANSLATED BY THE FOREIGN TECHe 
NO@LAGY CIVISIBNy, WRIGHTePATTERSOA AFB, BHIGs AS REPORT FTDHCe 
23°1553"9729 3 YUL 1973° 


TOE PEP PVEPPSESESPERPSEESES ESL SEP CCA ET EEE EEE ETT ST Tee 


SGRR, yeAe ANC CALGKERTYs Dede COANTACT ANALSG SIMULATOR EVALUAe 
TIANS: WOBVERIAG ANC AIR TAXI MANEUVERS. WJANAIR 'JUBINT ARMYe 
NAVY AIRCRAFT INSTRUMENTATIAK RESEARCH REPORT! D228"42100166 
PELL RELICSPTER CBs FER BFFICE BF NAVAL RESEARCHs JULY 19636 


TRE SUPER EERBSEESCE EE SELES TEPER CSET ETE EET CTE TT | 


SMITk, Geke AND DE ROCHERs Weles JRe A FULL@SCALE SIXeDEGREE}™ 
PFeFOEECAMs ORRITAL CLOSLRE AND DOCKING SIMULAT@Re ‘MARTIN CO@Me 
FANY' REPORT M#630134s AERSSPACE DIVISION BF MARTIN@MARIETTA 
CAFE e, CENVER, CSLARADBs, JULY 1963+ 


POPC SPECT ESET E EEE ET CES EERE PTA TTT TT ESTE Te YS 


SAE CAMMITTEE AGE#3 

'A SURVEY REFBRT BF SIMLLATARS USED AS TBOLS FER RESEARCH, 
CESIGN ANC DEVELOPMENTe! 

SECIFTY BF ALTOMOATIVE ENGINEERSs INCe 

AFRASPACE INFORMATION REPORT AIR 7792 YUNE 20s 19640 
Lé4e1765 


PRES EPEC TCC OSSE SECC TC TEESE ETT TET TT? 


SPITZER, ReEo AND RUMSEYs PeCe 'PRELIMINARY REPSRT BN WORK AT 
NASAeAMES SIX DEGREE OF FREEDOM MATION SIMULATOR FACILITY’ e UNe 
FLELISKED BAEING COMPANY DOCUMENT, 19666 


WERT UPETTCELCECECE EES CC OSCE ECE REET ETT ETT? 


STEIN, Keue CIGITAL COMPUTERS TO AID FLIGHT TRAININGe AVIATION 
WEEK AKC SFACE TECKNOLOGYs MARCH 4s 19682 PPe 61°67 


POE SERVE VUESOEICLCOC COPECO CCST EET TP 


STFIN, Keve USAF PLACES NEW STRESS ON SIMULATORSe AVIATION 
wFFK aXC SPACE TECKNO@LOGYs YUNE 264 1972 (PUIG) 
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TOURS UPPEPESECESE SECS S OLE ES EP PEERS ESA EE ERSTE EES | 


TIESLES, Ge 'TRKE PERCEPTION OF MATION IN VERICLE SIMULATORS', 
FAREIG' TECHRAL@GY DIVISION, WRIGHTePATTERSON AFB,s BHIGe REPORT 
NAe FTDekC#230e2782°74¢ NOVEMBER 1974¢ AD BOO1 563L6 


PWR PEPER PTEREE UES EE SSSA ES EPS CAE EPSP AS EERE ATER ERE EET EEE EY 


VALVERCE» Hehe ‘FLIGHT SIMULATORS», A REVIEW BF TRE RESEARCH AND 
CEVELSPRENT'« WRIGHTePATTERSON AFB, BFIO3 AEROSPACE MEDICAL 
RESEARCk LABORATARY, AERGSPACE MEDICAL DIVISIO@Ns JULY 19685 TECHe 
NICAL REPORT AMRL@TR=68"S7e 


TORS EP RP RPRESI ECE ESSE SESE PERE EES EAA EERE ASE ERR EEE LE SEES SY 


WAMFNER, PeEs ‘CAPABILITIES 6F MOTION PLATFORMS FOR FLIGHT 
SIMLLATBRS's NAVAL TRAINING EQUIPMENT CENTER, AIR WARFARE DEe~ 
PARTMENT, wANLARY 19716 


POR RERRECE CEES ERSEC SESS STS EPPA ETAT ETE ETE PS ETT TPT Terre sy 


WARGB, Ue 

SYLVANTA ELECTRONICS PRADUCTS» INCe 

'THRE LCAFT FLIGKT SIMULATION SYSTEM.’ 

AMPL@eTDR 63°133¢ 

£S7CTH AEROSPACE MEDICAL RESEARCH LABORATBRIES 
wRIGKETSPATTERSSN APB, BIB 

19636 


TPES EPEPESC ESSEC SCCESE SESS ETS PERT ERRETTT PREPS PTET 


WARTOANe LeHe 

'A FSLR DEGREES OF FREECOM COCKPIT MOTIE6N MACHINE FER FLIGHT 
SIMLLATION's ROYAL AIRCRAFT ESTABLISHMENT TECHNICAL REPERT 
72075 RECEIVED FOR FRINTING APRIL 1972¢ 


PRESECUERESC ACE LES ESSESISS ESE EEE REET ECTS RT RSET TTA SESE TTT SS 


WATKIKSBNs DeTes BONDURANTs ReAe AND FREARSBNy DeE~ DEVELGPMENT 
SF A V/STBL MLLTI*CREW RESEARCH SIMULAT6Re 'ATAA VISUAL AND 
MATIAN SIMLLATIBN TECHNOLOGY CENFERENCE PAPER! 70°356s CAPE Che 
NAVERAL, Flas MAR 16°18 19706 


SRSA SEA HEHOEAHAEHHHHEHEEHEHEHHEHHEHHHHEEHHHEEHEHHHEHH HEHEHE HEE OD 


WENDT» KeWes STARK» EoAes SIMON» GeBe AND COKENs Eo THE VALUE 
SF CACKFIT MOTIAN IN FLIGHT SIMULATION: AN EXPERIMENTAL APeo 
PRBAChKe PAPER READ AT 'AMERICAN PSYCHOLOGICAL ASSOCIATIEN', 
SECTIAN ENGINEERING PSYCHOLAGY I» NEW YORK CITYs 19616 


POR ERS RCE ESAT ESSEC CSE PETA ETT ERT SLE TST TP ETP TET EEE EE SY 


WENCT, Ketes STARK» EoAe AND SIMON» GeBe THE EFFECT OF C8CKPIT 
MATIABN BN NIGHT LANDING PERFGRMEC WITH THE LINK MEe, TRAINER AND 
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A SYATRETIC ELECTRONIC RUNWAY DISPLAYe 'LINK DIVISI@Ns HUMAN 
FACTARS CEFARTMENT'e JAN 19618 


PRES EREC SE SESS EEE ESE TES ESE SETAE REET ETE PT fT | 


whESTBRAGKs, CeoBe SIMULATION IN MODERN AEROSPACE VEHICLE DESIGNe 
NORTH ATLANTIC TREATY ORGANIZATIEONe ADVISORY GROUP FOR AERBe 
NALTICAL RESEARCK AND DEVEL@PMENT! (AGARD) REPORT 3664 APRIL» 
19616 


SHES HHASEHEHARHAHHHHHHHHHREEHEPHAHOHEE HEHEHE SHHHHEEHEDEHEHH ODODE 


WESTBROBAKs CoBe BACKGROUND AF PILSTED SIMULATBR DEVELOPMENT. 
"ATR FORCE FLIGHT DYNAMICS LABSRATORY', RESEARCH AND TECHN6LEGY 
CYIVISTSN» REFBRT FOCC TM 640282 AUGe 19646 


SREMEEEMHERREHHAH RHR REHEHHEHEREREEEEEEEHEEHHHEERH EHH EDD 


AkITE, MeCes GRAYs ReSe AND CBBFERs, GeEe PAPER CITED IN SADBFFs 
Mes ANC HARPERs CeWse 'AERASPACE ENGINEERING! 19620 


PORE REC EROCOC CSS EEE COCA TEE EE PSST TTS ET TTT SST TET ET EET SS 


WILKERSONs Ley NORMANs Ces MATHENYs Wey DEMAREEs Re ANO LOWES, 
Ae ‘PILOT PERFARMANCEs TRANSFER OF TRAINING AND DEGREE OF SIMe 
LLATIAN: VARITATJA@NS IN PROGRAM CYCLE TIME AND AERBDYNAMIC EQUAe 
TIFASte NAVTRACEVCEN 1388=22 UeSe NAVAL TRAINING CEVICE CENe 
TES, FART WASKIANGTOBN»s NEW YORKs DECEMBER 19656 


PRO RUCUC REECE ESE ECE E OES E RE ERE PEPE EERSTE STEPS EET EET TT 


wWILLISs were 

PELL BKELICAPTER CORPARATIGN. 

RESULTS AF ENGINEERING TEST MADE @N THE FRANKLIN INSTITUTE 
EYNAMIC FLIGHT SAPULATORS 

FART wORTRs TEXAS 

REPART NOe D2E8e37Ce001s APRIL 19605 48 PPe AD236 660 


SHES HEREHUEHHHHHKESHEESERHE SESE HHREHSHHEHEHHEHHHHEEHHHEEHHO TET EHE EH 


wILSA@n» Ce ACVANCES IN MOTION PLATFORM SYSTEMSe IN 'PROCEEDe 
TAGS TwHeDAY SYMPBSILM BN FLIGHT TRAINING SIMULATORS FOR THE 
70'S'. 14/15 SCTOBER 1970+ THE ROYAL AERBNAUTICAL SOCIETY» 

4 KAMILTAN PLACEs LANDBA WIy BBG 


PPEPEPUPTIPI SII TIT TI iri terri iri itiiiiiririirers rr rrr rr rrr 
aBSKMERs Co ANC Re WILLIAMS ENVIRONMENTAL REQUIREMENTS FOR SIMUe 
LATEC KELICOFTER/VTEL GFERATIANS FROM SMALL SHIPS AND CARRIERS 
REPAPT: TM 7aee Rh ROTARY WING AIRCRAFT TEST DIRECTORATE 


NAVAL AIR TEST CENTER 
FATLXENT RIVER, MARYLANCs 12 APRIL 1978 


SEPHOHEAHHEHEHERERHHHHEREHHEHEHEHHEHHEEHEHEEHHHEHEEEHHEEHEEE HOHE D 
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YALAG, be. A CATALOG BF SIMULATORS FOR TRAINING SPACE FLIGHT 
PEREAAKELe® FROCECT SETE» 'NEW YORK UNIVERSITY's SCHOOL OF ENe 
GYNEERING ANC SCIENCEs RESEARCK CIVISIONs MAY 1965 


PERE REPEC ERLST EP ELC ECE RETEST EE SCRAPE EES A SEER EES ERE EEE REE REE EEE SS 


YOUNG, Lee VISUALLY INOUCED MBTION IN FLIGHT SIMULATIONe Pao 
PER PRESENTED AT AGARD MEETING 8N FLIGHT SIMULATI@Ny BRUSSELS, 
APRIL 18786 


PER RESP EEER ECSU ES ERCC ESOS ECE EPC CEE EPEC E CECE TEE TET ET ET eee 


ZUCCARA, weve 

TRE FLIGHT SIMULATSR FOR ADVANCED AIRCRAFT = A NEW AERONAUTICAL 
RESEARCH T8846 AIAA PAFER NO@e 70359 'AIAA VISUAL AND MOTIBN 
SIMLLATISN TECKNBLOAGY CANFERENCE', CAPE CANAVERALs FLORIDAs 
MAPEm 160189 19966 
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EQUIPMENT DESCRIPTIONS 


Centrifuges 
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PRAWN, Jebe ACCELERATION AND M8TOR PERFORMANCEs 'HUMAN FACTORS! 
VBLe 2, FPe 1750185, NOVEMBER 1960+ 


TWEE ECECTE CLOSEST ESOS ESET ERSTE TREE SECS CERES TRS ESET TC TPES EY S| 


RREWN, Je Le 

"'yITSUAL ANC MBTIBA SIMULATIAN TECHNIGUESe! 
XER@X, LINK CRELF LIBRARYe 

ACCESSION NOe 165816 

194G6 


ere rrr tt errr? rs sr eee TPP eC ee Te TCL PP CTP SC TPS Cee eT TTT Tet ire Seo | 


PRAWN, Jebe ANC COLLINS» CeCe 'AIReTBeAIR TRACKING DURING 
CLASEC=LABP CENTRIFLGE BSPERATISON', UeSe NADC AVIATION MEDICAL 
ACCELERATIAN LABBRATERYs NADC/MA"5803s MARCH 1958+ ALSO Je 
AVIATe MEDes 293 794228040 


PREP EPCS TESS EES S OSCE COS EEE ER PST RECESSES ESE ESE SER EES EET PPT Pe 2 


PRAWN» Jeles KUEKNEL» Hes NICHSLSON, Fe AND FUTTERWEITs Ac 
"VALICITY 6F TRE CENTRIFUGE AS A FLIGHT SIMULAT@R's UeSe NAVAL 
ATR CEVEL@PMENT CENTER» AVIATIS8N MEDICAL ACCELERATIAN LABORATGe 
RY REFOART NO@e NADC#eMA#6C0"16, 19606 


POE PEPE ECRELCESCESC EE ECE S REET EPS ESE EES EP SSA TET CP PERE T eT Pee 


BROWN, Yelbes KLUEKNELs Hes NICHSLSONs Fe AND FETTERWEITs Acs 'A 
COMFARISAN BF TRACKING FERFARMANCE IN THE TVe2 AIRCRAFT AND THE 
ACL CAMELTER/ZAMAL KUMAN CENTRIFUGE SIMULATIOAN GF THIS AIRCRAFTt6e 
RACE MA@6CLE/SNACC HAC #60CB8s JOHNSVILLEs PENNes AD 250 1295 NOBVe 
196Ce 


POEVEPUEPEECECCEECESE ESC ER OSE ETC RS EEE PES ECT ETE PEATE ET EL EP Eos 2) 


PRAWN, Je Les WABCWARDs Le Ke AND PIDC8CKs Ge Be 

"BPTICAL SIGHTING: TRE EFFECT 6F POSITIVE ACCELERATI6N ON THE 
FIL@TS MEAC POSITIONe! 

Ue Se NAVAL AIR DEVELSPMENT CENTER 

AVIATIAX MEDICAL ACCELERATION LABBRATERYs 

REP@RT A\Ge NACCeMA 5509 AUGUST 3, 19556 


Tree Pe TPP PCE PTC PErE CCC Ore Ee Pee see PSST CCPC PTT PT PT PPE 


CHAMBERS, Fe Mes AND NELSON, Ue Ge 

FILET BIAMEDICAL ANDO PSYCHOLOGICAL INSTRUMENTATION FOR 
MONITOBRING PERFARMAKCL CURING CENTRIFUGE SIMULATI6NS AF SPACE 
FLIGHT. 

‘NAVAL ATR DEVELOPMENT CENTER REPORT! 

NACC#MAe63C8,s 

3 CT 1963s 


TORR RUPEE UEERESESER ESS ELISE ESET ESET ECT E TET ERA REE REALE LES 
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CLARK, Cy Ce AAVY CENTRIFUGE SIMULATIOAN BF LOW ALTITUDE FLIGHT 
PE THE APFs FROAGRAM 1e 'AVIATISN MEDICAL ACCELERATION LABGRATEe 
RY',» UeSe NAVAL AIR DEVELOPMENT CENTER, JOHNSVILLEs PENNSYLVANe 
TA» NADCeMA@L6CC5229 MARCH 19606 


TPR SECRET TCSCOCSEO ESOS CSO L SSS EEE SER E RETESET ESC CETERE EES CETe eee yy 


CLARK, CeCe ACCELERATI8N AND BSCY DISTSRTIGNe IN BENNETTy Eo, 
REGAN, Ce AND SFIEGALs we l(EDS)* "HUMAN FACTERS IN TECHNOLOGY!. 
FKUMAN FACTORS SBCIETYs MCGRAW*HILL: NEW YORK» 19636 


PERSE TERERSSSE ESOC SSCL AES SS EECCA ETE RET ERECT EC ETC E EE TTee e 


CLARK, CeCe 'KLMAN CONTROL PERFORMANCE AND TOLERANCE UNDER 
SEVERE CAMFLEX WAVEFORM VIBRATION WITH A PRELIMINARY HISTORICAL 

REVIEW BF FLIGHT SIMULATIOANe!' MARTIN@BALTIMOBRE ER 12838sFEBRUe 
ARY 19636 


PERCU ERCE SCC ECESC ESE ECO CESSES EES ESE ESTE LESSEE TRAE EO 


CLARK, Ce Ces AND CROSBIEs Re 

CENTRIFUGE SIMULATION 8F FLIGHT ACCELERATIONS: OPEN LOOP 
CAMFLTER C8NTREL AND CLOSED LESP SUBJECT=C8MPLTER C@NTROL OF 
TRE KLMAN CENTRIFUGE e 

NACC LETTER REPBRT TED ACC AE@=1410 (NM 11 O02 1206), 

"LeSe NAVAL ATR CEVELGPrMERT CENTER', JOKNSVILLEs PAs 

SEPT 175 19576 


POCA RERSEC REECE RE EES ICS SSSA RETEST EEE REET PTET PTET PP Yo 


CLARK CeCe ANC wOBDLING, Cote STUDIES AF PILOT CONTROL DURING 
LAURKCRKING ANC REENTRY GF SPACE VEHICLES UTILIZING THE HUMAN 
CEXTRIFLGE*® ‘INSTITUTE OF AERONAUTICAL SCIENCES REPORT! 590390 
FEESEXTED AT THE LAS @7TR ANNUAL MEETINGs NEWYORK» NeYeos JAN 
ZE°E9, 19696 


PWwEPEVUEPVESE EO ESEPCS SCC ESE SEPA EET TET) 


CLARK, CeoCe ANC WKOBDLING Cote CENTRIFUGE SIMULATION 6F THE X45 
RESEARCh AIRCRAFTe 'UeSe NAVAL AIR DEVELOPMENT CENTER's JOHNSe 
VILLE,» FENNSYLVANIAs REFORT NO* 9» 10 CECEMBER 1959433 PPe 

AC €33 34C 





PREP UVP UPCTOEOCESOCOSCSCESOOCC CSCS ETT TT SET ET PTT PAT TY 


CPLLACSTTs Re (ECTTBR) "SIMULATORS INTERNATIONAL GUIDES, GOWER 
REFERENCE PUBLICATIONS? REDW8AC PRESS LTDes TROWBRIDGE, 
wILTSRIREs ENGLAND 67197360 


POU TITTTITILIOT ITIL rriiiiiiiiiiiriiiirirrry yy) 
CREEF, BeYos SMEDALs Bede AND “INGROVE, ReCo ‘CENTRIFUGE STUDY 


SF FILST TSLERANCE TS ACCELERATION AND THE EFFECTS @F ACCELERAe 
TIAN BK PILOT FERFORMANCE'es NASA TN 00337, NOVEMBER 19606 
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TRE EEUSCE SORA ES ESSE SERS E EE ESE RE EEE ERE ESET EER ERE EERE EER EE ES | 


CROSEIE, Rede CIRECTIA@NAL CONTROL BF ACCELERATIVE FORCES IN 
CENTSIFLGE BY SYSTEM 6F GIMBALSe JOURNAL OF AVIATIGN MEDICINE, 
VO@LLME 272 PAGES S05*511, DECEMBER 19566 


PES EVEUESESCESESEPCE SCE SER EE PERERA CECE ETERS EERE EEE Coes S| 


ENEYVaceAe 
MOVINGe@ASE SIMULATION BF THE Fei4 STALL/SPINe NAVAL AIR DEVELe 
MRMENT CENTER, WARMINSTER» PAe NADC"73085"30 73/06/06 


TORE CERECEBCSESESE CEE SOE ESE EEC ESE ETS T ET Leer ge 


FESSEXPENs EMMA Tes HALLa ReAos AND CRESBIEs ReKe DYNAMIC SIMUe 
LATION BF SPIN BAX TRE HUMAN CENTRIFUGE, REPORT BF PHASE I, 
‘NAVAL ATR DEVEL@FMENT CENTER REPORT' ANADC#MRe6813, 16 SEPT 1968 


PTS C RPE RCE CEE ECC EEOC ESTES SETS ACEC RARER EET ETS RPT TS 


EILSANe ReCea GLECRY» FeEos YRe» HIXSON, weCe AND NIVENs Jele 
RBSERVATIONS @N PERCEIVED CHANGES IN AIRCRAFT ATi Tae ATTENDING 
bFAC MOVEMENTS MAGE IN A 2©G BANK AND TURNe 'AEROSPACE MEDI © 
CINE*, VA@Le 44s '1', JANe 19738 90°92e0 


PWEC ETUC CCE R ESTES ECE SESSA EE EET ETT RTP Peers) 


GBLTRAs EeRe ANC WKYCEs AceSe TKE DYNAMIC ESCAPE SIMULATORe 
ATAA/AFLC/ASD 'SUPPART FAR MANNED FLIGHT CONFERENCE's ALAA PAPER 
@5°278. DAYTON, OHIO, AFRIL 21°23 19656 


PP ES ECCT LTE RSASESE ESE S OSE ESE PCA EECA ESE EEE EEE TT CPP RE TY 2 


GUECRYs FeEoyRes GILSON» ReDe AND STOCKWELL» Cewe SUBYECTIVE 
ANC AYSTAGMUS REACTIONS CONSICERED IN RELATION T& MODELS OF VESe 
TIFLLAR FUNCTIONe 'FIFTR SYMPOSIUM ON THE ROLE OF THE VESTIBUe 
LAR ORGANS IN SPACE EXPLORATION', HELD AT THE NAVAL AEROSPACE 
MEDICAL RESEARCR LABes FENSACBLAs FLes AUG 19214 19702¢ PUB 
LISPEC AS NASA $P<344s NATIQNAL AERONAUTICS AND SPACE ADMINI@ 
STRATIOAN, WAShes CoCes 19736 


PUR CECE CEE RESET EE SELECT ESE PETERS R REEL ET Y 


MARCY, Cele AND CLARKs CoCo 'THE DEVELOPMENT OF DYNAMIC FLIGHT 
SIMULATION*s AERO/SPACE ENGe 1989, 184 48520 


SHEDS SHEEEEEREHERHEREEEEEE SHEESH HEHEHE EEEEEEHEEE HEHEHE EEE EOE S 


mETCRKCACKs Ley YRe AND MORWAYs DeAc 

tA CYNAMIC SIMULATION STUDY OF TRE SWEPT*WING TRANSPORT AIRCRAFT 
TX SEVERE TURBULENCE's UeSe NAVAL AIR CEVELGPMENT CENTER? 
KRADRCaMReESO7, LORNSVILLEs PAe OCTOBER 1968 


SRO EEEEEEO HE SEEEEEEEEESEEEEERERESHHHEREREEE EEE EEEEEHEE HOE EOD SH 
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KALLEMAK, EeCe AND WILSBNs WeSe FLIGHT*SIMULATOR REQUIREMENTS 
FOR HIGhePERFBRMANCE AIRCRAFT S8ASED 6N xXe15 EXPERIENCEe THE 
"AMERICAN SOCIETY OF MECHANICAL ENGINEERS! ASME PAPER 63°AHGT#81 
wANe 1963 


Pw OCC EPR VECECESCESCE ECE ECL ETERS ES ERE EE ERLE CES ERLE TERRES EES Te 


hYCE» AeSe MANeRATED CENTRIFUGES$ A NATIONAL SURVEY WITH DE@ 
SIGN CANSIDERATIOANS AND RECBMMENDATIONS FAR FUTURE DEVICESe 

AERASPACE MECICAL RESEARCH LABBRATORIES, WRIGHT*PATTERSON AIR 
FARCE BASEs 8FI19, AMRL MEMARANOUM B@55, SEPTEMBER 19635 27 PP, 


AC 419 38Ce 


PO RCETCELVT ECE ASEEES EULESS EPEAT EEE TTT EET ET ES 


wAFNSAN, Fele SIMULATIAN ANC TRAINING FACILITIESe 'ASTRENAUS 
TICS ANU AEROSPACE ENGINEERING's FEBe 19630 


POOP EV ERECT ESE ECE OSC O EEE SEER ESSERE EEE E TEETER ET RPL 


FIRANTAN, AeGe ThE EFFECT @F THE INOIVIOUAL AND COMBINED STRESe 
SES @F VIBRATION AND SUSTAINED 'G! ON PILOT PERFORMANCE* AGARD 
CF-145, 19756 


TOUS EPEPVERIC SECO E ECC EET EPEC EE ZY fF 


GAGLAKC, Ses CKAMBERS»s ReMey CROSBIEs Redes AND HITCHOCKs Le 
SIMLLATIAN ANC EFFECTS 6F SEVERE TURBULENCE 6N JET AIRLINE Plo 
LATSe "LeSe NAVAL AIR DEVEL@PMENT CENTER', J@HNSVILLEs 

NACCeML @64115 196460 


were PPE EEOC PEP CC ECOSTORE EEE EEA ET TT TS 


SACAFFs Me A STUCY OF A PILOT'S ABILITY TE CANTROL DURING SIMUe 
LATE STABILITY AUGMENTATION SYSTEM FAILURESe NASA TECHNICAL 
NOTE C#1552s AMES RESEARCH CENTER, MOFFETT FIELD» CAs NOVe 19620 


TOE PEP U PTE ELECTR RE ESE SA SEC ETE ARE EEE ECCT TE ETT 


SAC@FFE, Mes MCFADCEN»s NeMe AND KEINLEs DeRe 1A STUDY 8F LONGIe 
TLCINAL CONTROL PROBLEMS AT LO" AND NEGATIVE DAMPING AND STAeo 
RILITY WITH EMPRASIS ON EFFECTS 8F MOTION CUES's NASA TN D348, 
1C616 


TOUS OPV U VP CCEISEREOCOC ECOSOC EEE EE EEL TET TET TET CTP Tf | 


THM AS, BeKer GRe 'PILOTS SEE VALUE IN TURBULENCE SIMULATION!» 
AVIATIEN WEEK AND SPACE TECHNOLOGY» SEPTEMBER 264 1966¢ 
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TREMBLAY, HeGe» BROWN» Jele AND FUTTERWEITs Ae APPLICATION OF 
KARMAKIC ANALYSIS IN A STUDY BF TRACKING PERFORMANCE IN THE 
TVeZ ATRCRAFT AND IN CENTRIFUGE AND STATIONARY SIMULATIONS 6F 
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ALPERYs Weber GLMs DeRes» HUNTER» EoDe 

FUTLRE TRENDS AXKC PLANS IN MOTIBK AND FARCE SIMULATION DEVELOP. 
MEAT IN TRE AIR FARCE, LSAF HUMAN RESBURCES LABBRATBRYs WRIGHT© 
FATTERSAN AFB, BRIS IN 'AIAA VISUAL ANC MBTIBN SIMULATIE6N CO6Ne 
FERENCE', CAYTANs BKIBs APRIL 26°28 1976 


TOUR ERPEPUESERS REESE ESSE SERS EP EERE ETERS EEE EERE REE ESP er es 


ALPERY, weRes GLUMs DeRe AND KRON» Gevde 

MATIOANK AKC FARCE CUING REGUJREMENTS AND TECKNIGUES FER ADe 
VANCEC TACTICAL AIRCRAFT SIMULATIE6N, PRESENTED AT AGARD MEETING 
AN FILATEC AIRCRAFT ENVIRONMENT SIMULATIB8N TECKNIGUESs» BRUSSELS. 
PELGIUMs 24°27 APRIL 1978 


POR URPCEEEEC REECE SEC ES CLEC EP ERE ESTES SECTS ys 


ALPERY» WILLIAM Bes KUNTERs ERICK De GeSEAT CSMPANENT DEVEL®Pe 
MENTe AFRRLeTRe78"918e ADVANCED SYSTEMS DIVISION» AIR FORCE 
FUMAN RESBLRCES LABBRATERYs WRIGHTePATTERSON AIR FORCE BASE, 
BRIG 454334 ~LNE 19786 


TREC EPETCEC COALESCE ESE C OSES EEC CREE EES SECT Pee eee ere ery tt) 


ALPERY, WILLIAM Bes MCGLIRE, DANNY Ce EMULATION BF AN ADVANCED 
GeSFAT 8X THE ACVANCED SIMULATOR FOR PILOT TRAININGe 
AFRRLeTRe78=4~— ADVANCEC SYSTEMS DIVISIO6Ns AIR FORCE HUMAN REw. 
SOLRCES LABBRATSRY,» WRIGHT=PATTERSBN AIR FORCE BASEs BHIE 45433, 
AFRIL 1978¢ 


POR SERPECESESCESESER ESSEC ESE EET ARTE ETE EERE Ter errr ts) 


ANSRYVALS 

CEKERAL PRECISION SYSTEMSs LTDe* 'G SENSITIVE SEAT SYSTEM FB@R 
FLIGHT SIMULATORS'« REPORT SO/S21/TOs ISSUE 1, AYLESBURY, BUCKS. 
SEPTe, 19656 
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ASHhARTH, BeRe ANC KAHLBAUM, WeMe JRe DESCRIPTI8N AND PERF 6Re 
MANCFE BF TRE LANGLEY DIFFERENTIAL MANELVERING SIMULATORe 'NASA® 
LANGLEY, TECHNICAL NOTE! TN 0#7304s JUNE 19736 


BOSE OHOHHHE SHEA HEHHHHEEHHRHEHEHHEHEEEHHEHHHEHHHEHHHEREHEEH HEROS 


ASKKARTK, BeRes MCKISSICKs BeTe AND MARTINe Dede wRe SBBYECTIVE 
ANC SUBLECTIVE EVALUATION BF THE EFFECTS OF A GeSEAT ON PILOT/ 
SIMLLAT@R PERFORMANCE DURING A TRACKING TASKe PAPER T8 BE PREe 
SENTEC AT THE "ACTH NTEC/INDUSTRY CONFERENCE', ORLAND@s FLORIDA 
NA@VEMBER 15°17 1977 


SHOHO EH HOTEHHAHHEHHHHEFHHHHEHHEHEHHHHHHHHEHE HEHEHE HEHEHE HEH HDG Se 


PILLY Re ASHKARTH AND BURNELL Te MCKISSICKs NASA LANGLEY REeo 
SEARCR CENTER (LRC), DENNIS Je MARTIN» YRes SPERRY SUPPORT SER} 
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VICES. BRBVECTIVE AND SUBJECTIVE EVALUATION OF THE EFFECTS OF A 
GeSEAT ON PILAT/SIMULATAR PERFORMANCE CURING A TRACKING TASK 
FFACFEDIAGS 8F THE TENTF ATEC/INDUSTRY CONFERENCEs NTEC IH 296 
NAVe 19776 


POPESCU UT UVTELICT CCT CCCP T CCE eT CTY STC er ir erririrr ity yt} 


PARRETT, GeVesn CABEs PeAes THORNTON» Cole AND KEEBERy HeEo 
"EVALLATTON BF A MOTIBN SIMULATOR NOT REQUIRING COCKPIT MOTION e 
"HLMAN FACTORS', 19694 11(3)2 239"2k4e 


PROSE LESSER BORER EEE CS EEE EEE ESTER E EE TEETE TT E TT e  ) 


CKRISTENSENs Ke Kes AND YBHNSONs Le Le 

STLCY Te CETERMINE METHBOS BF SIMULATING G EFFECTS 

ARMALR RESEARCH FOUNDATIBN OF ILLIN@IS INSTITUTE OF TECHNOLOGY, 
FER AERANAUTICAL ACCESSORIES RESEARCH LABBRATERY» 
FEACGLARTERSs AIR MATERIEL COMMAND» WRIGHTePATTERSON AFBs OHe 
wADC TECHe NOTE S8"314s BCT 19586 


PRR USE RERERCESE RES ESCO EEE ESE EEE E REECE EERE REE 


RAVIS, Ce ANC BEACSMBRE», EeUe A MILITARY VIEW OF FLIGHT SIMULAe 
TI8Ke IN PROCEEDINGS» TWO"DAY SYMP@SIUM BN FLIGHT TRAINING SIMe 
LLATORS FAR TRE 7O0'Se 14/15 BCTABER» 1970+ THE ROYAL AERONAUTe 

ICAL SSCTETYs 4 MAMILTON PLACE* LONDON wIV OBGe 


PERCE ECE ROC EC ERE CEE SEE EERE PETES ET ETE TEE ET RET ET 


CPLALAP» DeSe ANC ANDERSON» FeE* AIR FARCE MASTER PLAN © SIMULA® 
TARS FAR AIRCREW TRAININGe AFSC/XRLAs ANDREWS AFB» MDe REPORT 
NBe ASD/XR 74-225 JUNE 1974. 


TRERERPESTERSASRESEC ERC EL EEE EERSTE TEC ECP TET ETE 


CUNLAPs DeSe ANC WORTHEYs ReEo 
ATR FARCE MASTER PLAN SIMULATORS FOR AIRCREW TRAININGs ASD/XR 
TR 75225 ANDREWS AFBs MARYLANDs SEPTEMBER 1975 


SHPHHHHHHEMERHEHEHRHEHEHHEHHHHHE HEHE HHHHHHHHHHHHHHHHHE HEHEHE RHEE e 


GLECRYs FeEe CRe ANC GRAYBIEL»s Ae ROTATION DEVICES, @THER THAN 
CENTRIFLGES ANC MOTIAGN SIMULATORSe ARMED FORCESe@NATIONAL RE 
SEARCR CALACIL BN BIGeASTRONAUTICSs NATI@NAL ACADEMY OF SCIENCES 
NATTANAL RESEARCH CA@UNCIL» WASHINGTON» DeCe PUBLICATION 902, 
19645 4C PPs AD 262 4356 


POPUP RPUPTPTECSCEUCPEPCE CSC OCCAES CERES Eee ETT 


KLTTAN»s CePes ELRKEs Dey ENGLEFARTs JeDos WILSONe WeoMes 

RAMAGLIA» Fevers AND SCHNEIDER» Aede AIReTO“GROUND VISUAL SIMUe 
LATIIN CEMONSTRATIONe FINAL REPORT,» VOL> 1a PROJECT 2235s AERGe 
RALTICAL SYSTEMS CIVISI@N»s SIMULATOR SP@» WRIGHT PATTERSON AFBs 
Shs ACTe 19766 
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IR TS, FeAese ITI1Ie ANC BLUCKLANDs Geko ‘EFFECTS 8F PLATFORM MO0 
TIAA, VISLAL ANC GeSEAT FACTORS LPSN EXPERIENCED PILET PERF ORMe 
AKCE IN TRE FLIGRT SIMULAT@R'« AFHRL©TRe78"9e WILLIAMS AFB, AZ3 
FLYIAG TRAINING OIVISI@Ns AIR FORCE HUMAN RESBLRCES LABORATORY, 
wiINE 1978 
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eBENSON, Lele STUDY TA CETERMINE METHBDS OF SIMULATING G EFe 
FECTS, SUPPLEMENT 1+ ‘ARMOUR RESEARCH FOUNDATIBN 6F ILLINBIS 
INSTITUTE SF TECHNELEGY!' FOR WRIGHT AIR DEVELOAPMENT CENTER» AIR 
RESEARCR AND CEVELGFMENT COMMAND, UNITEC STATES AIR FORCE, 
WRIGHKT*PATTERSON AFBs BHIGe 'WwACC TECHNICAL NOTE’ 58"314, AUGUST 
1989» 


POC RUPEC TOC REREESEESC ASSES EEE TERETE TESA EER RESALE LSE PEELS 


KRAN, Gege MBTIAN SIMULATION ENFANCEMENTS THE DEVELGPMENT 6F A 
RESEARCk GeSEAT SYSTEMe PRBCEECINGS 6F THE SIXTH NTEC/INOUSTRY 
CO@KFERENCEs NAVTRAEQUIPCEN JHe@26, NOVEMBER 13°154 1973 


TOS PRSESESSESE LESTE LESLIE REL Tee 


KRIR» Gece "ADVANCED SIMULATION IN UNDERGRADUATE PILOT TRAINe 
ING: GeSEAT CEVELSPMENT'e SINGER SIMULATIEBN PREOLCTS DIVISION 
FAR TRE AIR FARCE HUMAN RESOURCES LABBRATORYe REPORT NOe ASUPTe 
61 ACTGBFR 1975, AD AQ17 #4686 


TOSS ERUECSRLALISCE CELE SESE EE EERE LE 2 


KROKy Geyer YOUNG» L ANC ALBERYs We HIGH G SIMULATION © THE 

TACTICAL AIRCRAFT SIMULATOR PROBLEMe PROCEEDINGS BF THE 1977 
NTEC/INOUSTRY CONFERENCEs TECH REPORT? NAVTRAEGUIPCEN IHee94, 
NOBVe 152172 19776 
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LEWIS, SeTey WHITMERE, FeBey HARRIS» Le AND MCDOUGALL»s De A 
SPATIAL DISORIENTATION CEMOANSTRATORe "USAF SCROS8L BF AEROSPACE 
MECICINE's AER@SPACE MECICAL DIVISION (AFSC)s BROEKS AIR FORCE 
@ASE, Tx, MAR 1965- 
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MATFENY, WeGe AND WILKERSON, LeEs FUNCTIONAL REQUIREMENTS FOR 
GRALACeBASED TRAINERSS MOTION CKARACTERISTICSe LIFE SCIENCES, 
INCe FTe WORTH, TEXAS, (FEBRUARY 1966) 


PTETIVETTISII TTT iii ree rrr 


MATTFEWS, NeoOy ANC MARTINg Codes CRANFIELD INSTITUTE OF TECHe 
NOLOGY, CRANFIELD, BEDFORD» 
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THE DEVELSPMENT AND EVALUATIEN BF A 'G! SEAT FER A HIGH PERFOR] 
MANCE MILITARY AIRCRAFT TRAINING SIMULATER® 

FRESENTED AT AGARD MEETING 6N PIL@TED AIRCRAFT ENVIRONMENT SIMUe 
LATI8\ TECKNIGLESs BRUSSELS, BELGIUMs 24027 APRIL 19786 


POSE SEC ECE RCC ERE EEESSSC CEES ERECT TEEPE ET | 


MAZER, Me THE GC SUIT IN COMBATe ‘AIR SURGEON'S BULLETIN', 
22235, 1945 


PWR UP URTECI SECU SCE ESIC ISE SESE CEE ET) 


MCCONNEL, weCe PILOT RATING TECHNIQUES FOR THE ESTIMATION AND 
FVALLATIAN OF HANOLING GUALITIESe TECHe REPORT AFFOL*TRe68e76, 
ATR FARCE FLIGHT DYNAMICS LABBRATBRYs ATR FARCE SYSTEMS C@MMANDs 
WETGHKTePATTERSON AFBs Sk» DECe 19686 


TORS EUPUSE CEI AEES SCE SSCS SEE AEE ETT ETP oF 


Cele RICARCs MeLe CYRUS» CAPTAIN DeCe COXs TeKe TEMPLETON» LeCe 
TRKAMPSBAR 

C@MFEASATIAN FOR TRANSPBRT DELAYS PRODUCED BY COMPUTER IMAGE 
GENERATION SYSTEMSs NAVAL TRAINING EQUIPMENT CENTER, ORLANDO, FL 
AND FLYING TRAINING DIVes AFHRL» WILLIAMS AFB, ARIZONA» NAVTRA® 
EGLIPCEN [h@297/AFHRL@TRe78=46% YUN 19780 


SHES HRAERHSHHSHAHHEHHHEHHHHEREHFHHHHHHHEHEHEEHEHHHHHEEHHH HERE 


SCKALPBERGs GeFe AND HEAPYs Reve EVALUATION @F AN AIRSEAR AS A 
LIMITEC COCKPIT MATION SYSTEMe MCDONNELLeDOUGLAS CORPORATION, 
PALGLAS AIRCRAFT COMPANY, 3855 LAKEWOOD BLVD, LEONG BEACH, CaALte 
FARRNTA SO8C1ls UeSeAe MOC JeCO71s 1969- 


SHOHOROHEHEFORHEHHHHHEHEHOHEHOHHEHHHEHH HEHEHE HHHHHHHHETH EHO OHEE 


SKPWALTERs Tene ANC MILLERs Reve GeSEAT SYSTEM STEP INPUT AND 
SINLSAICAL RESPONSE CHARACTERISTICSe NASA AMES RESEARCH CENTER, 
MAFFETT FIELC, CALIFORNIAe NASA TM@78478s JUNE 19786 


WEP EVEVERELISCECOE OSCE REET TTT ETT Eh ST of 


SMSCE, AeFe THE FIDELITY ISSUE! HOW MUCH LIKE SPERATIBNAL SY$@ 
TEMS SmO@ULC TREIR TRAINING DEVICE C@UNTERPARTS BE IN COMMEM@e 
RaTIVE TECHNICAL YALRNAL» NAVAL TRAINING DEVICE CENTER 25TH ANe 
NIVERSARYe NAVTRADEVCEN IHe223 NAVEMBER 1971¢ 1°5318 


SAPO EOS EHOHRESEREHEREEHEEHEEEEHEEEERETEEHEHEEEHEHEEEEERERH OEE OES 


STARK, Ee Ae 

“BTI9ON PERCEPTION AKC TERRAIN VISUAL CLES IN AIR COMBAT SIMULAe 
TISNe 

(STINGER CBs SIMULATION PRODUCTS DIVISTONs BINGHAMTONs Neo Yeo) 
TS VISUAL ANC MATION SIMULATISAN CONFERENCE » DAYTON OHIE 


APRIL 260ec8s 1976 
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FRACEEDINGS (A76"29478 13°53) NEW YORK, 
AMERICAN INSTITUTE BF AERBNAUTICS AND ASTRONAUTICS INCe 19766 
P 3904596 


Tr ES EPERPESEE RECS EOCOCS ESSERE TESTES EES ESAT EET EERE RE EEE EEE 


STARK, EoAe AND WILSBNs YoMe ‘VISUAL AND MOTION SIMULATION IN 
FNERGY MANEUVERING's SINGER SIMULATI6N PRBDUCTS DIVISIONs BINGe 
FAMTANs NEW YBRKs PAPER NOe 73°934 AT ATAA VISUAL AND MOTION 
SIMLLATION CONFERENCEs PALO ALTO CALIFORNIAs SEPT 10°120 19736 


TT OP UPECPECESESESTESSSES IESE TCA ER SESE TLE ER ERE ETT TE) 


STARK, EoAe ANC WILSONs WYeMey SRe SIMULATION BF VISUAL AND M@e 
TI®K CLES IN AIR COMBAT MANEUVERINGe IN 'NAVAL TRAINING EQUIPe 
MENT CENTER REPORT! IKe226s PROCEEDINGS BF THE SIXTH NTEC/INOUS@ 
TRY CABNFERENCEs NOVe 13°15 19730 


PUMP EC EPEC ELSES EEE ET EEE EPS ERE RECT ST PT PS ATR PTR PCCP TPP PZ 


STEKART, weDe RUMAN PERCEPTION BF ANGLLAR ACCELERATION AND [Me 
PLICATIA@NS IN MOTION SIMLLATIONe AIAA PAPER 70°350s 'AIAA VISUAL 
anC weTIAN STIPULATION TECHNOLOGY CONFERENCE', CAPE CANAVERAL, 
Fle, MARCH 16 © 185 19706 

(ALS@® IN we OF AIRCRAFT», 197149 8 248253) 


TREC ERESESESSISCS ECCS ESAT EEE TERETE ERE EERE EPA 


VOGLs» Eo 'OIFFERENCES BETWEEN SIMULATION AND REAL WORLD AT TRE 
TA@E AIR TS AIR COMBAT SIMULATOR WITH A WIDE ANGLE VISUAL SYSe 
TEM’. PRESENTEC AT AGARD FLIGHT MECHANICS PANEL SPECIALISTS! 
MEETING ON PILOTEC AIRCRAFT ENVIRONMENT SIMULATION TECHNIQUES, 
PRLUSSELS, BELGIUM, APRIL 248274 19788 


TV OC ERECEERSSECE CEOS ESTEE EERE TPT eT Te | 


WATERS, BeKes GRUNZKEs FeMe, IRISHs PeAe AND FULLER, Jee 
PRELIMINARY INVESTIGATION OF MOTION, VISUAL AND GeSEAT EFFECTS 
IN TRE ADVANCED SIMULATOR FAR UNDERGRACUATE PILOT TRAINING 
(ASLPT) 

AFKRL, WILLIAMS AFB, ARIZONAs SUBMITTED TE THE AIAA VISUAL AND 
MOTION SIMULATION CONFERENCE APRIL 26°28s 1976 


SAPS SHSHOHEESHAHAHEHEHEHHHHEHOFHHRHHEHHEHHHHEHEEEHHOHEREEEEH EOD ED 


WITKIN» weAe 'PERCEPTION BF BODY PA@SITION AND OF THE POSITION 
SF TRE vISULAL FIELO's« ‘PSYCHOLOGICAL MONOGRAM! NGe 302s 19490 


SOFHHHEHETHEHHHOHHHHEEHHEHEREHEHEHEHEE ER HEHHEHERHEH HEHEHE HEHEHE ED 


2UCCARS, weve 
THE FLIGHT SIMULATOR FOR ADVANCED AIRCRAFT © A NEW AERONAUTICAL 
RESEARCH TO@L. AIAA PAPER N@e 70359% 'ATAA VISUAL AND MOTION 
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SIMLLATISN TECKNALOGY CONFERENCE', CAPE CANAVERAL» FLORIDA, 
MARCk 160184 197Ce 
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hele AKISTER ET AL © JMFROAVEMENTS IN 6R RELATING TA GREUND*BASED 
FLIGHT SIMLLATING APFARATLS 

FATENT NA@e 12224,5C5 (GREAT BRITAIN) 

FILED YAN 279 1969 GRANTED MARe 10, 1971 


TERR RERERERBRRSSESEE ESSEC ET ERE RSE SEE EEE EEE eee ee ere ys) 


“,. ARBNSAN = ASSAULT BEAT C@XSWAIN TRAINER 
FATEAT NGB*° 324862242 
FILEC MAY 29s 1967 GRANTED DEC+ 30, 1969 


Pee R EPR EPR RE SESE SE SPE SESE REPS E REET RSET TEEPE TEP CP Se 


weTeAe AYLESBLRY» ET AL © GROUND BASED FLIGHT SIMULATING APPARA® 
TUS PATENT NOec 325979857 
FILEC FEBe 3» 1969 GRANTED AUGe 10% 1971 


TERRE RPELCCR RAE CES ECE SSL ES EP EPSP REECE CTE SEE TRS eT 


RySCr, Ae * ATR FILOT TRAINING DEVICE AND THE LIKE 
FATEAT ABe 197912655 
FILED DECe 5s 1929 GRANTED FEBe 10, 19314 
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BUCKLEY, wePe = AERONAUTICAL INSTRUCTING DEVICE 
FATENT \8e 128657828 
FILED JLLY 3% 1929 GRANTED wULY 5s 1932 


TERS RP EESE RESTORE ELLE PEE SEES RETESET RT SEPT RT ETT TTP TP oS 


Ge BLRNY = COACKFIT ASSEMBLY FAR FLIGHT SIMULATOR 
CATENT NBe 398292988 
FILES MAY 25 1972 GRANTED AUGe 20s 1974 


PO RS EP ESECEEE EERSTE LES EES RE ETRE TEE PRET ETP ETP TR? 


CALLANENs, SeEo = MOTION SYSTEM FOR FLIGHT SIMULATIONe 
FATENT ABe 39252029 
FILED MAY 112 1966 GRANTED NOVe 145 1967 


PORES EPESECERESERELCS EES ESTES EP SESE RESET TET 


CALLANEN, SeEe 

MELEARsINCe FALLS CHURCk VIRGINIA 

MATIEN SYSTEM wITkhk THREE RECIPROCATING ACTUATORS FER FLIGHT 
SIMLLATIAN® FATENT NOe 36450114 FEBRUARY 2921972 


Poe eT PTET EECTTEPTET CELE EET t ry T) 


Kele CAPPEL » MOTIGA SIMULATOR 
FATENT NMe 30298s2c4 
FILED DECe 7+ 1964 GRANTED YANe 3 1967 
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Fee CARDLLLA, ET AL = ACVANCED G SEAT FER AIRCRAFT SIMULATIE6BN 


FATEANT ASe 329832640 
FILEC \OVe 62 1974 GRANTED OCTe 5S, 1976 


PT RSC PCP PCRC ESC EP ECE SC ERS ERE EPS SRE RES ERE SER ERS ER EES SEPT 


FeFe CARLYBN = MATIBN SYSTEM 
FATEAT ARe 324942052 
FILEP APRIL 10a 1967 GRANTED FEBe 10 1979 


TORE RSE BRESESE EES SEES CES ERE REESE RE RES EREEEEE REESE RAR SERA AEE ET YS 


CLUSTER» Lele @ AVIATION TRAINING MACHINE 
FATENT N@*e 290630231 
FILEC SEPe 15,4 193C GRANTED CECe 8, 1936 


PRORRRRE RES ESE SES ESET SESE SET C CARRERE EEE SSR ELE ER ERE RE RSA LET EET ES SF 


weSewe CAVIDSEN, ET AL » CENTRIFLGE MBUNTED MBTION SIMULATOR 
PATENT NA@0 301962557 
CATE FILEC = ALGUST 28s 1961 DATE GRANTED © JULY 275 1965 


TOR REPESERESS SESS EELS SESE EE ECC AREER EEE CEE ERT SESE SEPT ESTP 


MeFe. CE ROY ET AL = TASK TRAINER 
FATEAT ASe 301615968 
FILEC FERe 155 1962 GRANTED DECe 22% 1964 


TORRE CERERRESECSEE ESS ELSES EPEAT EES SEE ER ETT PPPS 


CE FLEREZs Le © TRAINING APPARATLS 
PATENT NAe 223012685 
FILEC ALGe 13, 194C GRANTED NOVe 10s 1942 


TOR SEPERT ESSEC ESSE EES S SSE ERE EERE SERRE TE TE CS SSE TTT TT ST 


ReCe CERMEL = FLIGHT TRAINING APPARATUS FBR COMPUTING FLIGHT 
CAKCITIANS ANC SIMULATING REACTION BF FARCES ON PILOTS 
FATENT ABe 206875580 

FILED MAY 254 1948 GRANTED AUG 31,1954 
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EDWARCS, Ae = DEVICE FER INSTRUCTING STUDENTS IN FLYING 
FATENT NOe 223060429 
FILED CeCe 235 1941 GRANTED CECs 25, 1942 


TORU RUC ERPESESESSPECESSE ESAS CSET SECA ESE EEE TEETER EERE SERA RAE 


Re FLEXMAN ANC We POAWE = PATENT OISCLOSURE 8N G SEATe LINK 
GRALP, GENERAL PRECISI@N SYSTE’S» INCes BINGHAMTON, NeWes 19680 
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Lefe FYGARTY » GRALKD AIRCRAFT TRAINER 
CATEAT Affe 2293060144 
FILEC VCLLY 6 1954 GRANTED MARCH 29% 1960 


‘TL rererrre re ePeePePeeEC ESE RS EPC SAEE ESSA TPO 


Aevde GAYRN = MOTIABN SIMLLATAR 
CATENT N@e 305592936 
FILEC NO@Ve 26, 1968 GRANTED FEBe 2s 1971 


TOR ESCR ETE CECOSESER SESS SESE ESSER ESE SETTER ACER EET ETT 


CEISSEs Geke « AVIATION GROUND TRAINING MACHINE 
FATENT NOe 223232322 
FILED MAY 22s 1942 © GRANTED VULY 60 1943 


TOES EPCEPCERECEPESEE ESE SESE SEPT AREER EET YY 


veke GEISSE = SYNTRKETIC FLIGHT TRAINERS 
CATENT Affe 209240C28 
RATE FILEC = VAN 16s 1958 DATE GRANTED © FEBe 9s 1960 


TORS RERE CERES OC ESEC ESSE LSE TEESE RETEST REECE ERT ESET PTT ES 


GWINNETT» yeEo = AMUSEMENT DEVICE 
FATEAT N@e 12789s68C 
FILEC 9CTe 1» 1928 GRANTED JANe 20, 1931 


TORRE PE UPC CSE SESE CC ELEC ESE SESS SRS ETE EET EERE EER TET RE CETTE EE oD 


he KELMARE © MECKAAKISMS FAR SIMULATING THE MA@VEMENT 6F VEHICLES 
PATENT NO@e 323099795 
CATE FILEC = CLLY 12% 1961 DATE GRANTED © MARCR 214 1967 
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FERRMANA, Co » AMUSEMENT CEVICE 
FATENT ABe 295282516 
FILER MARCK 23 1945 GRANTED NOVe 75 1950 


PRS EP EPC CECE PCRS EPC ECC CSS See Ee eee TP TT ETT TTT TE 


FILL ET AL = KINESTFETIC CONTROL SIMULATOR 
FATEKXT NBe 348597736 
FILED APRIL 2Cs 1970 GRANTED JANe 14% 1975 


TORS EVEPECECOSTCCCOOCCIC CSCC EEC REECE TTT APA DD 


kILL» FeRe»s TROMASs DAVID Fe URe 
KINESTRETIC COATRBL SIMULATBRe 'UeSe PATENT', NASA, FILED 
APRIL 20s 197Ce 
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ELEFMAN, heEe = FLIGHT TRAINER 
FATEAT ANAe 129449148C 
FILEC ASVe 174 1532 GRANTED VANe 235 1934 


wore PrerPreEEEESCOCCESSOSE LE LEPC ERSTE ERS ACERS ESS REC eee eee 


PLTTERs weTe © PILOT TRAINER 
FATEAT NAO 2040920938 
FILED GCLLY 24s 15942 GRANTED OCTe 22, 1946 


TPE RERMPEETCC RRO REEER ESE REL ERS EERE EEE ERE EP ESE CREE RRS Te ere Sf 


KATLs KARL = MOTION SIMULATAR ACTUATOR VBINT 
FATEAT NA@2e 345770659 
FILEC ALG: 69 1969 GRANTED MAY 4, 1971 


TT RRR PERLCO ORES CER EE SESE LESSEE PSE REE SESE EEC ERSTE ERR ESE 


KAIL» KARL Ae = CONSTANT SPEED PREPELLER SIMULATING MEANS F6R 
AVIATION TRAINERS PATENT NSe¢ 224395168 
FILED CLLY 316 1943 GRANTED APRIL 6% 1948 


TR ORERTPECTCE RCSL ESESES ESSERE TEPC C REE ESSA SSR ETRE ESE CTP eee se 


Le KSPLAN = CBCKFIT MATION SYSTEM FOR AIRCRAFT SIMULATORS 
FATEANT ABe 3930426728 
FILED MAY 216 1965 GRANTED FEBe 215 1567 


TP CPEPEPCPTULESCESUEEESCESAEST SET ECR EEE EPEC REE RPPeCP e re s 


KACTs veCe = AMUSEMENT AND TARGET PRACTICING DEVICE 
FATENT AFFLICATIABN 4226619954 
FILED LLY 14, 1953 GRANTEC CECe 8% 1953 


wR ITE Tee Te CEC PCC SCEC ESOC COS ERS ESC RCE PCPS CPR ee eer Sy 


LINKse Fete URe = TRAINER FOR AVIATORS 
FATEAT ABe 2909908587 
FILET ALGe 14, 1936 GRANTED NOVe 23, 1937 


PL RAE Lf hbk ke tk kk a a eh ee ee ee ee LD 


LINK», EoAe ET AL @ AVIATION TRAINER 
FATENT NMe 2435581016 
FILED SEPe 9s 1942 GRANTED SEPe 12, 1944 


PO RCRPVELTERRESEERECESSSES ESET ESAT SEERA AREER ERE SD 


he Pe LLTONK = SFACE FLIGHT ENVIRONMENTAL SIMULATOR 
FATENT Ae 390830473 
FILED ULNE 2C» 156C GRANTED APRIL 2s 1963 
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SHEER EERE EA HRHHHEHHHHHHHE HHH HEHHEHHE HEHEHE EH 


MALLENG Keye «= AIRCRAFT TRAINING APPARATUS 
FATENT NAe 223572484 
FILED CLUNE 5e 1943 GRANTED SEPe 5S» 1944 


PER RE CEC RSE RE EERE SESE EET E SESE SE EEE EL ESTEE ET ESET PPP Seer 


wee MYLES» ET AL = VIBRATARY SIMULATOR MBTIEON SYSTEM 
FATENT NO 329845924 
FILEC VLNE 234 1975 GRANTED OCTe 124 1976 


eee oe ee PRR PEE RE PERE ERE TREE ESSERE RET TEES TEP CTT SY 


De ALNEZ © MOTION SIMULATOBR 
FATENT NO@e 3289Cs722 
FILED SEPTe 4, 1973 GRANTED JUNE 24s 1975 


TORS EC EPP REE REESE ESE REESE EPEC R EEC EEE TERETE TTT TET ES TTT) 


SCKER, weCe EL AL © FREeFLIGHT REFLEX AND GUNNERY TRAINER 
FATENT ABe 203169181 
FILED SEPe 105 1941 GRANTED APRIL 139 1943 


POS RPC eE ECR SE SEE Pee TPE TCS PSCC PPP STP CT ET ES TEPC Tee | 


FeGe FANCBE = MATION SYSTEM FAR AN AIRCRAFT FLIGHT SIMULATOR 
FATENT Ne 39228212962 
FILER GLLY 315 1964 GRANTED NOVe 14 1966 


SHEARER EHHE HEHEHE EEHEEE RHEE EHE HEHEHE RERHREHEEERHRHEED ED EEES 


E.G. FANCBE ET AL = MECRKANICAL MOTIAN SYSTEM 
FATENT NAe 324519146 
FILET CECe 9 15666 GRANTED YUNE 24, 1969 


SHPO HEHEHE HHT HHHHH RHEE HH HEHE HHH HEHEHE HEHEHE EEE e 


F.eGe FANCBE = MATION SYSTEM 
FATERT Ne 326190911 
FILED MAY 195 1969 GRANTED NOVe 16% 1971 


TP Re RRR PER RRO RPE ERE RE REE RE PSE ARE EERE EERE RSE REEL RREEELEET  Y 


CeGe FANCBE = MBTISN SIMULATOR 
FATENT N&e 3965770655 
FYLET MAY 199 1569 GRANTED MAY 4, 1973 


PPO P ROPER EPPERERECE SE CE SET EE SETS CAREER TEER EER TEA Se 


EeRe PETERSON = MAVABLE AKD ROTATARLE TOP 
FATENT Ae 3e288n hel 
FILER waRCh 294 1965 GRANTED NAVe 298 1966 
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TRE RMRERESREBLEAS EES ESE ORE SEARS PS RE RE RERRE SPER ASE RRP eee eT es 


FLPETLER, LeDe = TRAINING CEVICE 
FATENT ASe 22344, 454 
FILE™ SECe Fe 1942 GRANTED MARCH 14, 1944 


TCT ePerre PROS ePEeCEeSeSESS EPS SA SE REPRESS RECS SSPE eee ree 


CoM. FUPLEs ET AL = FLIGRT SIMLLATAR 
FATENT NAe 30269eCS0 
MATE FILEFC - FERs €» 1964 DATE GRANTED = AUGe 30% 1966 


TL TELL fC odd oo Be ok bd ed he oe ae Rh hehe Ree Rea 


de Fe «<ASMUSSERN ET AL © MULTI = GIMBAL FLIGHT SIMULATOR 
CPATERNT ASe 30 Ck5,954 
FILE CANe 314 1957 GRANTED APRIL 16% 1963 


ore errrT err TT rereeereSCeCRPeELreeerererCOeeCCCSSCCECCLLSSESCeTT Try erty TS 


Deke KICRHTER® ET AL = SJX DEGREE BF FREEDOM APPARATUS 
FATERT KRA@ 804492843 
FILEC ALGe 34 1966 GRANTEC JUNE 175 1965 


TPR ELES COC RACER ELEC A SASSER PE SCOPE SEES EEC Ce SEE EPS eee eet 


RREER TS, LDeDey FLARISSANTs AND FENGs Cele 

CONCLOTRAN CARF,. 

CAKTRAL SYSTEW FEAR FLATFERM HAVING SIX DEGREES 8F FREEDEM 
EFATEAT AMe 3052503540 SeEPTe 225 19706 


PRR UCTS CCR AR RPE RSE RSE SEP ORR ETERS TPES RTE EES RS eee es 


RLEEGLES, neGe = ARIENTATOR 
FATENT Rfe 1le34Ee271 
FILED aPeIlL 164 1917 GRANTED YUNE &, 19206 


TP eREPERT EBLE AOEREERERERASSERES ESAS ETERS ESE EERE RES EASE RPC SEES 


RLOCLE Se wWeGe © ARTENTATGOR 
FATERT A9%e 1463593, 456 
FILER StFe 9» 1618 GRANTED O8CTe iis 1921 


PT SE RPTPERPE EES SUSE RESESCAOAAESS SESE AS EES ESE SES ESTE TARE Cea aearcar te 


STe LBEN» ke © APPARATUS FAR USE [IN TEACHING AND TRAINING AVI Aw 
TAFS FATEAT \Ge 203690418 
FILED aFFIL 24s 1943 GRANTED FEBe 134 1945 


WRIT EUPEPEEBAALIETCEERLECLAEACE CCEA RETESET A EET TET eet 


cele SERAFIN = SIMLLATED AIRCRAFT 
FATENT KPe 2C426965s7E3 
FILE CLLY @%, 45653 GRANTED N9IVe 30s 1954 
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wR PrrrerreErCEPEPCEPCEE CE SESES ESSERE SELES ESSE TEE SESE CE PET 


Bele SMITF ET AL e ROUGF AIR SIMLLATING MEANS FAR GROUNDED 
AVIATIAN TRAINERS 

FATENT NA 0 2278728420 

FILEC PECe 7s 1954 GRANTED APRIL 9» 1957 


TWwREMPEPRPEESESEST ECE SESE ESE PC EASE ESE TEPER ESE SECRETE ET 


SALLE, Cehke = FLIGHT TRAINER 
FATENT NR oe 225244238 
FILED NSVe 155 1946 GRANTEC 6CTe 3 1950 


wR ET TEC C SPOT SPST SPST CSCC CERES CROP ELSPA EEE EE Tee eee 


STSRM, GeCe CALLIANS RACI8s DALLASs TEXASe POSITIONING CEVICE 
CANTINLALS IN AZIMUTH AAC ELEVATION USING MULTIPLE LINEAR ORIVES 
FATENT Afe 3921553991 

cave FILEC = CLAE 29» 1964 DATE GRANTED © NOve 2s 1965 


WERE EPEC UVPESCESSEOSSOCOCECOCSLEOESPO CLOSES SESE PPE TEE RTE ETT EST ST 
cewe KEITE = SERVO ASSIST BUNGEE 


FATENT N9¢ 32C78s5S4 
FILET N@ve 18% 196C GRANTED FEB 26% 1963 


137 





NAVTRAEQUIPCEN IH-298 


REQUIREMENTS 


(Specifications; criteria; fidelity) 


13% 





NAVTRAEGUIPCEN IHe298 


ADAMS, VeAes BRIGGS, GeEos FLEXMANs ReEos MATKENYs weGe AND 
SALTKARCy, weFe UCAFTT AS A RESEARCH VEKICLE FER THE STUDY @F 
FITELITY BF SIMLLATIONe® CO8LUMBUS, BHIB: THE LABO@RATORY OF 
AVTATISN FPSYCKALAGY, BSLs FOR TRE NAVAL TRAINIAG DEVICE CENTER, 
FART wASHINGTOBN, NEW YORKs 19620 


Tee PePeP PEPE EPEPEEC SP ESE ESEPESARE ESE SESE ERE SEES SEE EE SSE TEETER TY SF 


ADAMS, Cewe CYMANIC REGUIREMENTS FAR SIMULATOR SERVE DRIVE 
MECRKANISMSs AIAA PAPER NGe0 76°355y 'AITAA VISLAL AND MOTIEN SIMe 
LLATI@N TECKHNOLSCY CONFERENCE!» CAPE CANAVERALs FLORIDAs MARCH 
16718, 1976 


TOES UPR SCER EE SS EPEC SEC ERE E REPS EAE EEC SCE PEERS ETP REESE SET ESS ET SY 


ACAMS, VeSe 'S9ME CO8NSIDERATIYUNS IN THE DESIGN AND USE O6F CYe 
NAMIC FLIGHT SIMULATORS's AIR FERCE PERSONNEL AND TRAINING REeo 
SEARCRE CENTER, LACKLAND AIR FARCE BASE, TEXASe RESEARCH REPORT 
AFRTRC@TN*®S7°51 MARCHs 19576 


wR EEC PSO PE ESE SES PEST SL EC ESE SSPE ETS S ESE TET EE ES ES TTP ES 


A'KARRAR, ReCe 

FLIGRT SIMULATIANs, PAST, FRESENT AND FUTURE? 
6744 SECANC ANALAL MEETING AITAA PAPER 65480, 
SAN FRANCISCOHs CAs VCULY 26°295 19656 


TPES EP REVERSE CERES SESE ESE RETEST EASES ESAS ERE SEER EE AREER RR ERE TZ) 


ALFEPYs Webes GUM» CeRey FUNTERs EeDe 

FLTLRE TRENDS AKD PLANS IN MOBTISN AND FORCE SIMULATION DEVELOP eo 
MEAT IN TRE AIR FOARCEs LSAF KUMAN RES@URCES LABBRATBRYs WRIGHTe 
FATYTERSAN AFB, PHIS IN tAIAA VISUAL AND METION SIMULATIBN CONec 
FERENCEt, CAYTPR, OKI6s APRIL 26°28 1976 


wR ere PCR REPOS P SCC EEE EE ETE SERRE ERS EER EER SEER SESE EEE SES SS 


ALPERYs wetes GLMs CeRe AND KRON»s Gewe 

MATION ANC FARCE CLING REGUYREMENTS AND TECHNIGUES FER ADe 
VANCED TACTICAL AIRCRAFT SIMULATI@N, PRESENTED AT AGARD MEETING 
®X FILATEC AIRCRAFT ENVIRONMENT SIMULATIO@N TECHNIGUESs BRUSSELS» 
RELGTLUMs 24°27 APRIL 19780 


PWRPUOPETCECLE LEBER EE CEES ESE R RSE ERPS LESTE STEERER EET 


ARPRYMILS 

FELL FELICSPTEF CORPBRATIO@N. RESULTS SF ENGINEERING TEST MADE 
®h TRE FRANKLIN INSTITUTE DYNAMIC FLIGHT SIMULATORe FORT WERTH, 
TEXAS, REPART NBe 0228"37C#0C1s APRIL 1960s 48 PPe AD236 660 
L6é5&=1125 


WRU UPETCUCELIECCOCCOCECSCOC CAE ETE O PEE SESE ESTEE TEE EERE RAE ES 
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ANBAYMALS 

LINK RIVISTON/SINGER COMPANY, BINGHAMTANs NEW YORK. FUTURE 
LANRPERGRARULATE PILOT TRAINING (UPT) SYSTEM STLDYs PHASE Ile 
SUMMARY REPORT. RFEFART NOe LR €39187e SEPTEMBER 19706 


PUPP PTEELCLTererreCCOOCCCOCCOCC COCO eee eee Pee eee Terre ee ed 


AN SA. 

ADVISERY GRALF FAR AERASPACE RESEARCH AND DEVELOPMENTs 
FARIS FRANCE. 

APFRAACR AND LANDING SIMULATIONe 

REFERT NAe AGARD=R-632¢, OCTABER 1975 AD A018"1796 


errr eer rere eer errr CER ERE SEE TEC CRATER A REPRESSOR TT ee ee 


ANARYMALS 

FLIGRT STMULATURS © HEARING BEF@RE THE SUBCOMMITTEE 8N RESEARCH 
ANC CEVELSPMENT AF THE COMMITTEE ON ARMED SERVICES», UeSe SENATEs 
SHYT CHNGRESS, SECEAKD SESSION», MAY 130 197656 UeSe GOVERNMENT 
FRINTING BFFICEs WASHINGTON, DeCey 197660 


Pee ee eee re rr ry Pee RE ER ESE REESE REPRE RSET SER Eee eS 


RELGLEYs SeEe 'MMANeMACKINE SYSTEM SIMULATION FOR FLIGHT VERI& 
QUFS"' TEEE TRANSACTIONSe HUMAN FACTORS IN ELECTRON«e HEE M491 40 
19634 


PV Cee Peer rer PYrerereee ER EERE EPI ERE SERRA SERRE SEER RET TT 


PERGFRAN. HUCh Fe ‘ 

AF ROASFACE TECRNOALOGISTs NASA LANGLEY RESEARCH CENTER HAMPTON» VA 
7G = FSee 

THE EFFECTS BF MATIAN CLES ON COMPENSATORY TRACKING TASKS 

ALAA CONFe MAR 16218 197C (CAPE) 


Peewee rrr re ey YP EERE RESE LETTE STEP A SERS ERE EEE EERE RE RRS AEC TS eS 


RERGERGN. Re Fu 

MINVESTIGATIGN OF MATISN REQUIREMENTS IN COMPENSATORY CBENTREL 
TASKS.'! 

'TEEE TRANGACTIANS AN MAN MACHINE SYSTEMS! 

VAL MMS@{1s N66 Zs, YLUNE 19706 


Pee reerrrre LE rryrrer reer CER ERPS EL TU REPS EERE SESE LTR TTR EP 


RERGEROK, bees ADAMSs weue AND HURT» Geode THE EFFECTS OF 
MATION CUES AND MOTION SCALING ON GNE* AND TWO=AXIS COMPEN@ 
SCATARY CANTRAL ‘TASKS NASA TN*D"6110, 19716 


TOC rPPrrrere Pee eRPEE SESSA EEE EET TEPPER EET ETE 


PeRAm, wele HUMAN CYNAMIC BRIENTATION MODEL APPLIED TE MOTION 
STMLLATION. MASTER'S TRESIS, DEPARTMENT OF AERONAUTICS AND ASo@ 
TRANALTICE* MASSACHUSETTS INSTITUTE BF TECHNOLOGYs 19766 
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SO EM SE ERR HERE RHETHHERHE EEE HEE RRHHEERHHEEHHERE HEHEHE HEHEHE 


PRAY, MeSe 'A STLOY BF VERTICAL MOTION REQUIREMENTS FOR LANDING 
SIMLLATIA@Nt se "HUMAN FACTOBRS', 19734 15, 561°568e 
ALS®@ NAGA TECRe MEMB TM X9625236 AUGUST 1972 


TEEPE TERT CECRTTELeEeECe CeCe Tere Serer ee CeEL IC VEL r rer eit ret ye Te T 


PRFLL» kelTe 

A SIMULATOR STLEY GF TILT*eWING KANDLING GUALITIESe 

GRLMMAN AIRCRAFT ENGINEERING CORP@RATIBN» BETHPAGEs NeYo 
"CRELMMAK RESFARCK CEFARTMENT REPORT! 

PE e162» MARe 19636 (ALSA IN AIAA SIMULATION FOR AEROSPACE 
FLIGHT CANFEREKCEs AUG*e 26*28, 1963, CALUMBUS, BHI) 


eRe RPCEPE RE SECT EPCS SOO LEP EEE CER POSTERS EET TC eee eee eee eo 


PRFLLy heTe A SIMULATOR STUDY OF LAWeSPEED VT6L HANDLING QUALI © 
TIES IN TURBLLEACE* GRUMMAN AIRCRAFT ENGINEERING CORPe RE 238, 
NAW €5=C513 FEERUARY 1966. 


POSE REP RERE RESPEC S EEE ESE REL EEE STAC RRP ERS REE SAT ESE SEEPS EET ESS 


ERAWN, AeLe 

CENTAR SCIENTIFIC @FFICERs BLIND LANDIAG EXPERIMENTAL UNIT» 
RAYAL AJPCRAFT ESTABLISFMENT, BECFORDs ENGLAND 70 = 344e 

AN EXAMINATIAN BF SIMULATOR LAAKCING PREBLEMSe AIAA VISUAL AND 
MATISK SIMLLATIAN TECKNOLSGY CONFERENCE MARCH 16°18, 1970 (CAPE) 


PERE PROCES SER EPEC ESTES ESE RRSP RRR EEE S EEE EERE EET REE RRR TT TE 


PRSWN, BeFe AND YORNSONs Keto MABVING CACKPIT SIMULATOR INVESTI& 
CATIAN OF TRE MINIMUM TBLERABLE LONGITUDINAL MANEUVERING STABILe 
ITY, "NATIONAL AERPRALTICS AND SPACE ACMINISTRATION TECHNICAL 
NATE! Ce26e LANGLEY RESEARCH CENTER, LANGLEY FIELCs VIRGINIA, 


19°¢-6 
PO CP UCPC ECC CCESC OVE C ESSEC See eee eee ee ee eee eter ery S| 


SRIWN, Cele 'VISLAL ELEMENTS IN FLIGHT SIMULATIEN's UNIVERSITY 
SF RSCKESTERs CENTER FER VISUAL SCIENCE, ROCHESTER» NEW YORKe 
IN AVIATION SFACE AND ENVIRONMENTAL MECICINEs VOLUME 475 NUMBER 
Sy» SFEFTEMBER 1976 PAGES 913-9246 


PERSP UCPECPUPEEESEEE CECE CSE SES ESSEC SEE eee REET EEE EET TPE YS 


SRLLLE» ReVe AND MORANs Wee CYNAMIC FLYING QUALITIES CRITERIA 
FVALLATIANe REFSRT AFFOLeTR-e74=142, AIR FARCE FLIGHT DYNAMICS 
LATSRATSRYs ATK FARCE SYSTEMS COMMAND» WRIGHT@PATTERSON AFB, 
ARTS, Cake 19756 


CEH RHESHAHHEHE HA HEHRHHEHE REE ER HEHEHE REDE RHEE HEEEHHEHEHERE HEHE D 
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PLOKEALT, Res SFERMANs Fes GOLUSMI THs TeCeor ANC VITALEs Poth 
‘ThE EFFECT AF VARIATIONS IN MOTION FICELITY DURING TRAINING 6N 
SIMLLATED LO@neALTITUDE FLIGHT's AMRL@TOR@63"108s WwRIGHT@PATTER} 
SAN AFR, CAYTBN, BKIGs CECEMBER 1963¢ 


PT RT CLEC PRECESESESO CES EROS ESSE SERS EE PSR SEEPS EERE RRA se 


CARA, Fewes CSLLEYs FeRey ISLEYs ReNe AND WRIGHTs Rote 
METERMIANTAG TRAIANTNG DEVICE REGUIREMENTS IN FIXEC WING AVIATER 
TRAININGe WUMRRG TECHNICAL REFART 72"112 APRIL 19726 


PrerererPEECOCOOCOCCOCCOOCTCCCCCCCCOCCO CCRC eee ee ee eee rere eT 


CATRAN» ReLe 

4 NEw APERGACH FAR ESTABLISHING AEFADYNAMIC PERFSRMANCE OF 
FLIGRT TRAINERS« 

RTF ATECZINOLUSTRY CANKFERENCE PRACEEDINGSs SBRLANDBs FL 
1R=2C KAve 15975 


TREC ERERELE RARE EE REBRESARAR ESE E ERE ES EP RSS ESE EEE ER SRR 


CLALSTNG» LeAe 'SIMULATOR REGUIREMENTS DEDUCED FRAY COMPARISONS 
SF PILATS PERFORMANCE IN GR@UNC SIMULATBRS AND IN AIRCRAFT’, 
FAPER N\A. 649554 INTERMATIANAL CBUNCIL BF THE AERONAUTICAL 
SCTENCESs»s PARIS FRANCE AUGUST 24028219646 


TT RT RERELEREALEEREELERERE SEARLE RBA EERE REESE REET TC Ae 


CARER, Se 'IS MATION NEECED IN FLIGHT SIMULATERS FOR TRAINING 14 
KLMAN FACTORS, 197012275°79¢ 


TELE LE Le he RR RELL ERA RRR LE LAA REEL Rae ee eee ee eee ee oe th) 


COFEN» Eex ANC SIMON» GeBbe 'THE SIMULATION OF MOTION FER TRAIN© 
ING AKD FER RESEARCK'e« ARMED FORCES = ARC COMMITTEE 8N BSIBASTRE@ 
NALTICSs €911,19612NASA 


rk bk LL fecheie h LE Bk bk ke oe de Belek Beh teh dh Rede te delietetnet ted tok dhol 


CARR AC» fe 

9PFRATIANAL CEVELAPMENT BF MATIAN WASHSUT TECKNIGLES + 
ANALYTTCAL MECKARICS ASSOCIATESs MBUNTAIN VIEWs CAc 
FER aves RESEARCH CENTER, MOFFETT FIELCs, CAs 

REPART NAe NASA CR-137519 


Lhe cheb hhh Cee ehhh hehe eee Pee EER R SERRA SSSR R ET ET ART SD 


CAPFERs GeE*s THE USE OF PILOTED FLIGHT SIMULATORS IN TAKE*OFF 
WNC LARCING RESEARCK+ NORTH ATLANTIC TREATY ORGANIZATIONS 
AGAR Deh e4 9091962 


TTR L ELL Eee Pe EL OLR RRA Lk ee oe ek ee A ad ee ek ek hd 
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CRIEFER,» GeEe 'STMLLATBP STUDY SF MATIAN REQUIREMENTS FOR SIMULA 
TING ENGINE FAILURES'e MEMS FAR DIRECTARs» NASA AMES» MAYs 19666 


PUREE PEPEUSEEEERESESCESCLOSS CERO SCARS EES EPEC ES ERECT Cee eee 7 


CRFER, BeYos STEWART» JeDes MERRICKs ReBes AND DRINKWATER, 
FeceTI Ie A FPILST BPINION STUDY BF LATERAL CONTROL REQUIREMENTS 
FAS FIGRTESeTYFE AIRCRAFT*e® 'NATIGNAL AERBNAUTICS AND SPACE 
ASMINISTRATIBN MEMBRANDLUM! 1¢29°59Ay MARe 19596 


PROS RP RSE SELES SESE ESSERE SSR ESSERE RE SEA ETERS ATES ERE EEE ESET TES 


CLYLFR,e AeEe "ENVIRONMENTAL REALISM IN FLIGHT SIMULATORS! 
ce INSTe ELECTRONe RAD]e ENGRSe* 1966931,5°160 QUBTED AFTER bUDe 
CLESTBN (1966) 


PEPER PRC EOE SCESCPSERESRE ESE SE RSC ESAS ESSEC EPR RSRR OER RRS EEE SEE 


CYPLS, Mele ENERGY CONSERVATION TRREUGH THE BPTIMIZATIE6N OF 
KYCRFALLIC FPEKER SLPPLIFS FOR THE SIX DEGREE OF FREEDOM MBTIBN 
CYSTEMe FLYING TRAINING OIJVISION, 'AIR FARCE HUMAN RESOURCES 
LAFPRRATBRY REFORT!' AFRRL@TR-77*°7e WILLIAMS AIR FORCE BASE, 
ARIZANA RS224y MARe 19776 


TO REETCEERELAOR REO CER ELEC RRC RRR CES EEE TREE SE ET ESET ES EST EET 


CYRLS,MeLe ENGIAFERING AND GESMETRIC CB8NSTRAINTS BF A SIX DEGREE 
9F FREECSM SYNERGISTIC FLATFERY MOTION SYSTEMe FLYING TRAINING 
TIVISTEN, "AIR FARCE KUMAN RESSURCES LABBRATBRY REPORT! 

AF RRL eTRe77*@S,y WILLIAMS AIR FARCE BASE, ARIZONAs MAY 19770 


TORR P UPC S PE RESERSCE CEE ECSE ESE SESE RSE CESAR TASER TAREE RAR SRT SD 


TAVIS, Ce AND REACSMOREs, Eee A MILITARY VIEW OF FLIGHT SIMULA® 
TI9Ne IN PRACEECINGSs TWO-DAY SYMPBSIUM BN FLIGHT TRAINING SIMe 
LLATARS FBR TEE 70'Se 14/15 SCTABER» 1970» TRE ROYAL AERONAUTe 

ICAL SOCTETYs 4 SAMILTAN PLACE LONDON WIV BBGe 


RRO UTEUCELELECECEE CEE RESET ESAS ET EST ESSER ETE TSS ATES SEE EEE SS) 


RERERGy, Rehkes MCFARLANDs BePe AND SHOWALTERs Tewe THE EFFECT 6F 
CIMLLATAF FICELITY ON ENGINE FAILURE TRAINING IN THE KC#135 AIR» 
CRAFT, AERBNALTICAL SYSTEMS DIVISTO@Ns»s UNITED STATES AIR FORCE, 
sSTCHTeFATTERSSN AFB» 8164 APRIL 26°28 19762 PPe 83°87 


PPwURPEOPVESCTESISCCOSCCCEOC OSCE ES SECS RSET TERETE ES EEE ESR SESSA ES EEE 


REMAREE, Res NORMAN, De AND MATKENYs Ge 'AN EXPERIMENTAL PRO0 
CRAM FeR RELATING TRANSFER @F TRAINING T6 PIL@T PERFBRMANCE AND 
MEGREE HF SIMULATIGON'e NAVTRADEVCEN 13881 UeSe NAVAL TRAINING 
PEVICE CENTER, FART wASFINGTANe NEW YORKs JUNE 19656 


PWEPUOUPURPTERESEECEBESESE SIE RESESCELE SESE EEE S ESSA ESAS EE SARA YT 
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TEMFSEYs, TeKe ANC LEATHERWO8ADs weDe VIBRATIGN SIMULATOR STUDIES 
FAR TRE DEVEL@PMENT SF FASSENGER RIDE CSMFORT CRITERIA*e NASA 
TeX e32552 19756 


Tc rte rer ree errr rerrer ee eee ee EPS SRR PRPC SE PEPE Ae eee eee 2d 


PEVEREALXs TeEey GALLOWAYs ReTes CAHSTELLB84 Wede AND DINEENs TeGe 
"FLIGHT FICELITY EVALUATION OF TRE A@4™ BPERATISNAL FLIGHT 
TRATAES (CEVICE SF 1C8)'e NAVAL AIR TEST CENTERs PATUXENT RIVER® 
REPERT ASe NATC@SA@ER=76, FEBRUARY 1976-4 AD AGe B OOS 8O8L 


Pe Cree eS ee eee ee eT ee ee oe Pee Pee PPP PCP PPS ee Pe Pee Pe eee ee ed 


DUNLAP, DeSe ANC ANDERSON» FeE* AIR FORCE MASTER PLAN = SIMULA® 
TARS FSR AIRCREK TRAININGe AFSC/XRLAs ANDREWS AFB, MDe REPORT 
NAe SSO/KR 74e22% YUNE 19574. 


‘wre rrrrerrrrretPrerer@rercrcrv CC CCerCeeCererc eee eee ree ere eee eres tt 


PUNLAF, DMeSe AND WARTHEYs ReEo 
ATR FARCE MASTER PLAN SIMULATORS FAR AIRCREW TRAININGs ASD/XR 
TR 250275 ANDREwS AFR» MARYLANDs SEPTEMBER 1975 


TERR REE EO BOREL ERE RES ER SESE SESE REET RPE SER ECAR EEE AREA ke oe eG 


FLLIS, Ne Coe LOWES» Acoy MATHENYs We Gey AND RORMANy Deo 

FILAT PERFERPMAACE TRANSFER @F TRAINING AND DEGREE 6F SIMULATIAN 
TITe PERFORMANCE GF NGNeSET EXPERIENCED PILOTS VERSUS 
SIMLLATIAN FICELITY. 

NAVTRANEVCEN 67"C@CC34"160 

Le Se NAVAL TRAINING CEVICE CENTER» SRLANDGs FLORIDA, 

ALGLST 1968 


Ler rrrr: Lerrrrr re rrrirrrrrerrercrrrrrerrerreCrOrCeeCocereerorrirer? | 


FLLISs Neo Cow LAWESs Ae Les MATHENYs We Ges NGRMANs De Awe AND 
WILKERSANs Le Leo 
FILAT PERFERMANCE, TRANSFER BF TRAINING AND DEGREE 8F 


SIMLLATI®PN: J]Ie VARIATIONS IN AERADYNAMIC COEFFICIENTS e 
NAVAL TRAINING CEVICE CENTER 
TEChke REPT*® NAVTRADFVCEN 1889-2146 MAY 19676 


PYTETEPETERBRSAEAETECEECE ELAS EORTC CERRO PRR R EEE TERA ERE REE PS SY 


FAYE, Aefe ATTITLDE CONTROL REGLIREMENTS THROUGH ThE USE SF A 
PIL®PTED FLIGHT STMULATAR:e NASA*TN=D=7952s APRIL 1961+ 


PVT UCT TCT CESS CET ELEC ACEC OAC EC RCPS EC ARSE TPE TES ESS 


FECDERSANs WeEs 'TRKE ROLE OF MBTISN IAFBRMATIGN AND ITS CBNTRI® 
PLTI®N TR SIMLLATION VALIDITY's BELL FELICO@PTER Ches REPORT NOeo 
NePEk~4eG"CC1ls AFRIL 19626 


PPT RSC UPC RCE SCAE CLOSES EOS CEE ee CRP CRS AARC CL AREER REESE LES ES 
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FITZFATRICKs Re 'TeWwARC A THEGRY GF SIMULATION e PAPER PREew 
SEATED AT THE ANNUAL MEETING BF THE HUMAN FACTARS SBCIETYs NEW 
YORK CITYs NOVEMBER 19626 


Cr errr: © frre re ss Sere rrerrerrererere rc eee eC ee eer ererercercrecerry Tt 


SALLAGRHER»s JeTe REQUIREMENTS §8N SIMULATORS USED IN HANDLING 
GLALITIES RESEARCke AIAA PAPER 702353, 'AIAA VISUAL AND MOTION 
SIMLLATISN TECHNASLOGY CSNFERENCE', CAPE CANAVERAL» Fle MAR 16°18 
197Ce 


TOR SESESCT ESSE SP ESC EOC CSREES SPSS AERTS RSE RC ARETE RRR ECS LSS ET ES 


GELLER», ReEos SMI TK» WeFes KRANs GeAes BDIERNAs AeVe AND MENDES, 
EeGe FUTURE LALERGRADUATE PIL9T TRAINING (UPT) STUDYe PHASE II 
SUMMARY REPORT, APPENDIX II, V8Le IJe REPORT LR#23918=2"VOLele 
AFRANAUTICAL SYSTEMS DIVes WRIGKT@PATTERSBN AFTs BH» AD@882 292% 
FEP 1671.6 


POWERS EOPVESCTESSSOCSCSCOCOCOCOCS OSES ESET ERE SES EPEC EPS ETT RP PT PCP eS 


GEFATRKEWOELe Seve 'FIDELITY SF SIMULATION AND TRANSFER OF 
TRAINING? A REVIEW 8F THE PROBLEM! DEPARTMENT 6F TRANSPERTA®@ 
TIPR, FEDERAL AVIATIAN ACMINISTRATIONs SBFFICE BF AVIATIBN MEDI & 
CINEe CECEMBER 1969+ REPORT NGe AM 69024 


POR CSUUCCTOE COS EOCSCCCOCSC CC OSE RSE CEE TEE RR TPT RTC RPP PC PhP eh 


GERCES, ReMe A FILOTED MATIGN SIMULATOR INVESTIGATION OF VTOL 
LETGHKT=CANTRSL REGUIREMENTS, NASA*TN=D=2451s AUGUST 1964+ 


Taree ePePeP ECC CCCP EC CCC SESS SECRETE TPCT PST CPE SPP 


FESCES, ReMe ANC WEICKs ReFe A PRELIMINARY PILOTED SIMULATOR 
ANT FLIGKT STUCY BF HEIGKT CSNTROAL REQUIREMENTS FSR VTBL AIRe 
CRAFT, NATIBNAL AERBNALTICS AMD SPACE ADMINISTRATIONs WASHINGe 
TEN, CoCos TECHNICAL NATE De1201s FEBRLARY 1962s 20 PP 

AL 272 13Ce 


WRC UTERO PECSCSECSCOCOCOCOSOCC SS Eee Cee TES REE ESSER TET ACS PCPS DS 


CALCSMITHs CeTes SHERMAN» He AND VITALE, PeAe 'RESEARCH 6N THE 
SIMULLATIAN REGLIREMENTS OF AERSSPACE VEKICLE MOETIBN CHARACTER} 
ISTICS IN GRALAC TRAINING SYSTEMSte GRUMMAN AIRCRAFT ENGINEERS 
RG CARFARATIBNs PRAVECT 1710 TASK 1710034 1961¢ 


POU REPUTE CCE ECCUCECOCCCCACSE CSCC CRC ECE CERES TS TSE RET PRT PP TS DS 
GPILTRAs, FeRe AND KYDEs AeoSe THE DYNAMIC ESCAPE SIMULATOR. 
ATAA/SAFLC/ASC 'SUPFART FOR MANNED FLIGHT CONFERENCE'» AIAA PAPER 
65°2785 DAYTAR, ARIAs APRIL 217235 19656 


wre rer rT rT eee PPPPPELCIOCSSCOSOC ERE RT CRETE EET RETARD 
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CRAFAM, ReKe ' A RATI@NALE FAR MAVING*BASE FLIGHT SIMULATION 
AKER A PRELIMINARY STATEMENT BF TRE METIAN REGUIREMENTS'« TRE 
FAEIKE CAMPAKY CACUMENT NBe 06957149% AUGUST 19686 


eM EE HHH HHH HEHEHE e 


GPAVES, Gebes URe 
FLIGKT SIMLLATISN TECHNOLOGY = SIMULATIAN TECKNIGUESs NASA 
LANGLEY 7347CC5€és 1973 


HMM aH HHH HEHEHE HEHEHE HHH HRT HH 


GUSDCRYs Aeve THRESHOLDS TO ROLL MATIAN IN A FLIGHT SIMULATBRe 
RAF INSTITUTE BF AVIATISN MEDICINE, FARABEBROUGRs, HANTS» ENGLAND 
TN AIAAy VISLAL AND MOTIEN SIMULATIAN CONFERENCEs OCAYTGNs 816 
APRIL 26=228s 1976 (ALSS8 UBURNAL BF AIRCRAFT, VOLUME 14s NBe 7o 
FRe 624"631* GULLY 19776) 


Tw RE PRO RPEOSCBRESESOEROCEC ESSE SESE SPC CACC APPR eee Re eee eee Ee ES 


ELNCRY, Aewe MAN AND MATION CLES. PAPER PRESENTED AT TRE REYAL 
AERBNALTICAL SOCIETY SYMPOSIUM SBN 'THEERY AND PRACTICE IN 
FLIGHT SJMLLATIABN'» LONCONs ENGLAND, APRIL 19766 


TwRER PROPER PCOS EOSECOOLER SSE REP SSA ESSE RARER S RETR ARERR eT eS oT 


BAAS, ReLes RBT2Zs» heEe ANC MILLS» Gere 

TRE LARGE AMPLITLCE MULTI *=M@DE AEROSPACE RESEARCh (LAMAR) S]MUe 
LAT@Rs AIAA FAFER N80 73*9225 AIAA VISUAL AND METIBN SIMULA®= 
TIANK CAKFERENCEs PAL@ ALTSs CAs SEPTEMBER 10"12s 1973 


PPwUEPrSEPTCOPESESERCSCECOCLSOCOSO SEEPS EPS CTPRCCARRERA SE EPL SSPE TEE T 


FAL Ls Fees FARKERs UeFe wRe» ANC MEYER» DeEo 

A STLCY AF AIR FARCE FLIGHT SIMLLATA@R PROEGRAMSe USAF 

AMRL wTRe6G7-111 AERBSPACE MEDICAL RESEARCH LABBRATERIESs WRIGHT 
PATTERSSA AFB, SAKIE 1967 


‘wrrrrrrreererrPrreePreECE CSCC ePeLeS EP ePL ESSERE AL ELAR ESE EET ET EF 


kKARRISs we Te 

ACCEPTANCE TESTING OF FLYING GLALITIES AND PERFORMANCES 

CACKFIT MBTIGBAs, AND VISLAL DISPLAY SYSTEM SIMULATIE8N FOR FLIGHT 
SIMLLATERSe 

‘NAVAL TRAINIAG EGUIPMENT CENTER! 

REFART NAVTRAEGUIFCEN ITk#25145 MAY 19776 


Too POPPER PESCES ERP RE RSS E REC EEPST ERE ESRC E SRR ALES ESAS REEL EEE EERE EES 


FKAYCERs wele ANALYTIC TECHNIGUE FAR ESTABLISHING TRE METION REo 
CLUIREMENTS FAR A GROUND@BASED AIRCRAFT SIMULATORe 'tAIAA VISUAL 
AND MATIAN SIPMULATIBN TECKNOLOGY CANFERENCE PAPER! 70°348, CAPE 
CANAVERALs Fly MAR 16°18) 19708 
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Ore Ce TESTO ITTCTOCT ICCC CCE SITES CITC TTI TTT TTT TT iT TT TT 


FEINLEs Cee 'TRKE USE BF PILATED SIMULATORS IN THE STUDY OF 
VTSL FLIGHT! e NAASA CONFERENCE BN VTBL AIRCRAFTs NATISBNAL AERBe 
NALTICS ANC SFACE ADMINISTRATIANs LANGLEYe 1960° , 


TOR MRPRBPECECESESEESERSERES EP SE EERE RS ESESER EES REE EEE EEE ET 


FPLLEMAN, FeCe ANC WILSBNs WeSe FLIGHT-SIMULATOR REQUIREMENTS 
FAR hIGheFERFARMAKCE AIRCRAFT BASED ON x-15 EXPERIENCE* THE 
"AMERICAN SOCIETY OF MECRANICAL ENGINEERS! ASME PAPER 63=AHGTo84 
wANe 1963 


TORRE CORE RRS REESE ESET SES ESE TES ARE TS EST PCS SPP SEPT PSPS 


FRFKINSy CeoBe SIMLULATERS FBR TRAINING AND PROFIT wee CAST EFe 
FECTIVENESSe UNIVe OF ILLINGIS (SAVBY AVIATIA@N RESEARCH LABe), 
LRP AN AsCHAMPAIGN, REPORT ARL=76"10/AFBSR=76"5, AFBSR=77°0373TR, 
LLY 19760 


PRE PPR PT ESE REP POP RE ER ESSERE ESE R ERE STEPPE CCR EER SE TP TPR 


KLUCLESTANs bef e 'COCKFIT METIAN REGUIREMENTS FSR FLIGHT SIMUe 
LATIANX'e TECKNICAL REPORT 'RAF INSTITUTE 8F AVIATION MEDICINE? 
FAFNRBRBUGEs FANTSe JAM REPART 363% JANe 195660 


(RES ROPER C RR EERE SECS ESE EEE SETS ERE ER ESET RREERRAEREREESERERE RAS ES ES 


KLECLESTENs KeFe AND ROLFEs UeMe 'BEHAVIBRAL FACTORS INFLUEN® 
CISG THE LSE BF FLIGHT SIMULATSRS FAR TRAININGt«e ‘APPLIED ERGBo 
SOMICS', 19715 2s 141°1486 


TORE RP EOSECORE SECO RES ESE SEES EPEC ASE SEC ASE RECS ERE EERE ES ES SESS 


KLFF,» EoMe ANC NAGELs CeCe PSYCKALEGICAL ASPECTS 6F AERBNAUTI «> 
CAL FLIGHT SIMULATIOA@Ne "AMERICAN PSYCKALOGIST's MARe 19752 
4ebaeb Re 


PRE RRR EEE RARER CERO RRO EER REE ELE SEE EEE SEE T AS SEES ERE SS TY oD 


KLM TER, GeSe 'ATA URGES ADVANCES IN FLIGHT SIMULATGRS'e tAviAe 
TIPR WEEK AND SPACE TECRKNBLBGY's MARCH 4» 19688 


PWR PUPVEUSREE RECESSES ELSES A TERS ES ERE RE SESE TERS ASE EER AA ESE RRA SEA ES SE OD 


KYTEs AeSe MANeRATEC CENTRIFUGES: A KATIONAL SURVEY WITH DE 
CITGN CANSICERATIGNS AND REC@MMENDATIONS FAR FUTURE DEVICESs 
AFFASFACFE MEDICAL RESEARCH LABSRATBRIES, WRIGHT*PATTERSBN AIR 
FARCE SASE» SFIB, AMRL MEMBRANCLUM B55, SEPTEMBER 19634 27 PP, 
AT 41S 3R2Ce 


TWwEPRPEPTCETRBEERESEERESEO RIESE SEES ARE RESET PERE ESTEE AAR 
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SAEASBA, Fele SIMULATI8N AND TRAINING FACILITIESe 'ASTROENAUS 
TICS ANC AERASPACE ENGINEERING's FEBe 19636 


rT hE RR RERPE BREESE RESET OSLO Mee SETS ERS P SEPP RRA ACRE eee ee eS 


CAENSAA, Wee CAPT» DESIRABLE IMPREVEFMEATS IN FUTURE AIRLINE 
FLITG+T SIMULATERS. IN FROACEEDIAGS #F THE TWAeCAY SYMPSSIUM BN 
FLIGHT TRAINING SIMLLATBRS FAR THE 70'S, 14/15 SCTOBER 1970, THE 
RAYAL AERENALTICAL SOCIETYs 4 FAMILTEN PLACE, LANCBEN WIV BBG. 
Che Ae} TE AWS 


Lah he RE LE ROR LELELELECAA AOTC AARC CEA LS bee bk kh? 


CUNKER, AeMes AND REPLEOGLEs Cees MATISN EFFECTS 6N THE HUMAN 
APFRSTSR IN A RBLL AXIS TRACKING TASKs 'AVIATI6Ns SPACE AND 
ENVIRSAMERTAL MEDICINE's 46(6)2 819°822s JUNE 1975 


eee fo Se re eC PP ECS eT eS SCS E Seo CSCC CC CS SCC Cee eee ett ft os he ht 


KEMMERLINGs FeTeos wRes CYNAMIC CKARACTERISTICS SF FLIGHT SIMULA® 
TER MATIAN SYSTEMSe FREFARED FOR AGARD SPECIALISTS MEETING 8N 
FILA@TED AIRCRAFT EXVIR@KMENT SIMULATION TECKNIGUES, BRUSSELS, 
PELEILMs €4 "27 APRIL 19786 


rE hee, tet Phe ee ee Pe PP ERE RES EPS ERE RES ROPER RCE SEE RRR EE TS 


KENNELLY, Esuyes "DEVELOPMENT SF A MULTIPURPBSE RESEARCH SIMULA® 
Tee's. GRUMMAN RESEARCH BRACKUREs GRUMMAN AIRCRAFT ENGINEERING 
Chie» KETKFAGE, NEW YSRKs FEBRUARY 1959-6 


eS ee See ee eee PCP CeCe PPE PCC CPPCC PPP PPPS er se 2 


KEY, DAVIC Le» BECNEALs BILLY Les» AND SINACERI UBHN Be MISSION 
EXVIRANMERT SIMLLATISN FBR ARMY ROTARCRAFT OEVELBPMENT=REQUIRE@ 
MENTS AND CAPARBILITIESe AERGMECKANICS LABGRATERY»s UeSe ARMY 
AVIATION RSD CBMMANCs AMES RESEARCH CEATERs MOFFETT FIELD» CAs 
PRESENTED AT AGARC FLIGFRT MECHANICS PANEL SPECIALISTS! MEETING 
Sy FIL@TECD AIRCRAFT ENVIRONMENT SIMULATION TECKNIQUESs BRUSSELS, 
PELGIUM, APRIL €4"27s 19786 


Lhe Reach h hhh ORR RRO ECE RRR REE SEES EEE REST ASRS PAA SD 


KTR Ky Weye ANC STARK» EoAse REPORT SF THE VISIT TO THE TWA 
TRATNING CENTER KANSAS CITY, ON AUGUST 31s 1967% GENERAL PREC]* 
STAN» INCe LINK GRBLP*SYSTEMS CIVISIG6N, INTER@6FFICE CERRESPEN} 
RENCE, MEMA NGe WOKZEAS 6722679 SEPTEMBER 79 1967+ 


Yr ah kh hh bbe ek bE bb hk bk bh aed bk ae oe hl he ee ee hd 


KLEIN, bt eFe 

K7I7@=I7C11R (RESEARCH SUMMARY) 141977 

AMES RESEARCH CENTER» MBFFETT FIELD, CALIF e 
SIMLLATIAN TECHNBLEGY FOR WERBNAUTICS 
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TOwRE REPRE TSERSE SELES SETS TERR SESS RES EPR ESESSETETCS PPT SeCTSePe eee 7 


KLIER, Se ANC GAGEs he 

MATIPN FACTSRS IN FLIGHT SIMULATI6Ne GRUMMAN AEROSPACE CARP. 
FeF ThE "NAVAL TRAINING CEVICE CENTER', NAVTRADEVCEN TECHNICAL 
REFRRT 68"C=CC7=1, DECEMBER 197C 


TORU EP RESE SESSLER SSCS EP ESE SES ESC ESAS SESS ESE SEES STEEP ESS TET 


KSEVERMANSs WeFe ANC VCANSENy Code 

RESIGN ASC PERFARMAKCE BF THE FOLReDEGREFS=6F FREED@8M MOTION 
SYSTEM BF TRE KARL RESEARCK FLIGHT SIMULATORe NATIONAL AEROSPACE 
LAPBRATEPYs TRE NETRERLANDS NLR MP 75038 1975 


TORERERPESCEE SEES ESEEC SESS ESTES ESSER EET EPSPS REESE TT PET 


KUEFNELs FeAe 

'KLMAK FILET'S CYNAMIC RESPANSE CHARACTERISTICS MEASURED IN 
FLTGkT ANC BN A NAKMOVING SIMULATOR! 

NASA Th D#122S2 MAR 1962, 

AC*272 46C 


TORRES ECE SEES ECE CES ECE E ES ES ESSERE STEP SLEEPS TE TEER ERE EERE EL ES EES TS 


LF*», Ce wes ANC DYCAs Ke ce 

ERILNC@EASED SIMULATION TECHNIGLES. 

NBRThe AMERICAN AVIATION INCos LOS ANGELES DIVes CALIFORNIA 
FSS 'LSAAVLARS REPORT! TR-67"56, AD@663 847» OCT 19676 


TPR RERMESCERLECEERERE SESE ESE SE PES EEE TERE EEC ECE EERE REE EEE EET TF 


LEYMAKs Ce ANC AUTTALLs EeRe. A SURVEY 8F AIRCRAFT HANDLING CRI e 
TER] A. MINISTRY OF AVIATIONs 'AERA@NAUTICAL RESEARCH CE8UNCIL 
CLSRENT PAPER # CoPe 83234 LANDYNS HER MAJESTY'S STATIONERY 
SFFICEs DECe 1964 


TORU PPC RPC PCC ROE ESEP ESE LEASES EPS A REECE SEE ECE SE ERE EE EERE ETE SES TET Ee 


LLTRANCERs Se 'MBTISN SYSTEM FOR A RESERACH FLIGHT SIMULATOR? 
4 FRELIMINARY CESIGA STLOY'e STOCKHOLM. THE DIVISION OF AEROe 
SALTICSs TRE RAYAL INSTITLTE OF TECHNOLAEGYs AUGUST», 1963-6 


TO RPP RPETCECSOSEES CEEOL ES ETE SEP ESE ESTEE EERE TETAS ETT Ph ED 


MACKTE, ReRes KELLEYs Gees MAE» GeLe AND MECHERIKOFFs Me FACe 

TESS LEADING TA TRE ACCEPTANCE 8R REJECTIBN BF TRAINING DEVICESe 
MLMAK FACTIRE KESEARCK FOR THE NAVAL TRAINING EQUIPMENT CENTER, 

NAVTRAEGLIFCEN 7C"CeC26“1e AUGUST 19726 


POPUP UCTC CC OLECEC CCC COC COCC CESS CEST EET EE TEP ETT er TT 


? MATRENY, heGe 'STUDIES BF MATIBN AND VISUAL INTERACTIGN IN SIMe 
_ LLATAR CESIGN ANC APPLICATIENt+® LIFE SCIENCES, HURST» TEXAS FBR 
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TRE ATR FARCE GFFICE OF SCIENTIFIC RESFARCHe FINAL REPBRT 
LST #AFNSSR=FR=760e16 SEPTs 19766 


‘errr rrerrerreOCreUPVeEreCrOERSerCeerererererE SSR Seeeee RTE AEE EE err se Ss | 


MATKENY, WeGesy LAWESs AeLe AND BYNUMs YeAe TE MOVE BR NGT TB 
MAVE THE PRAPLEM AF MBTIAN IN TRAINIKG SIMULATERSe IN CB8MMEMe 
SRATIVE TECRHNICAL y@URNALs NAVAL TRAINING DEVICE CENTER @5Th ANe# 
NITVERSARY NAVTRACEVCEN Ik*223s NOVEMBER 19716 


TCT rr rrr err rerrrerrrsr See eerrreeee SSeS ESE SEER ESE REE ERE | 


MATHENYs WeGey LOAKESs AeLe AND BYNUMs JeAe 'AN EXPERIMENTAL 
INVESTIGATION PF TRE RALE BF MOTION IN GRAUND#BASED TRAINERS'.« 
LIFE SCIENCES, RKURST» TEXAS FAR THE NAVAL TRAINING EGUIPMENT 
CENTER» REPORT KAe 71*C@OC75-1% APRIL 1974+ AD NOo 778-665 


TRY. ee Cee eee PCCP EROS CPPCC APEC ESP EPSPS EE PTT RPP SP ee 


MATKENY, WeGe AND WILKERSON, LeExo FUNCTIONAL REQUIREMENTS FER 
GRALMO#BASED TRAINERS! MASTIAN CKARACTERISTICSe LIFE SCIENCES, 
thCe FTe WARTK» TEXASs (FEBRUARY 1966) 


Ph deh Kk, Bei de Betietadheds tnt Boke. Meth tatietieth. Rett atied tat Matetnet Aettietetiet Mattei Melictiet RelteMet tt RetieRetah tated teh Del 


MATRKERNY, WeGe AND WILKERSON, LeEo FUNCTIGNAL REGUIREMENTS FBR 
GRALAC@BASED TRAINERS$ HELICBPTER RESPONSE CHARACTERISTICS. 
LIFE SCIENCES FAR KLUMRRBe HUMRRO TECHNICAL REPORT 70"174 8CTOe 
PER 1970. 


PVT SSE CPTR TL OLESEECCCCCOCOCAS EEE SEC ES EP ELER TET PCP ERP PST 


MATTHEWS, NeSe TRE RELATIVE IMPORTANCE 8F PHYSIGLEGICAL AND 
VISLAL FACTORS IN PROVICINAG REALISM IN FLIGHT SIMLLATIONe IN 
PRICEEDINGS ThHeDAY SYMFOSIUM 8N FLIGHT TRAINING SIMULATORS FOR 
THE 70'S, 14TK/15TH BCTHBER 1970s ROYAL AERONALTICAL SOCIETY, 4 
KAMILTON FPLACEs LONCON WIV 8BQs 


PVPErEOC LOCO RE SEECLE CSREES EL ECCS ALES E REL ERE EEE ERA RESET 


MCKEF, Gwewe SINGLE *DEGREE*6FeFREEDOM SIMULAT6R INVESTIGATIBN 6F 
EFFECTS AF SLMMARY DISPLAY-INSTRUMENT SIGNALS GN MAN@MACHINE 
CANTRALe NASA 'TECKNICAL ‘NOTE! De448s LANGLEY RESEARCH CENTER, 
LANGLEY FIELCs VAes DECe 1959 


PT Ce PPC PCC PPO PCC CROC PC PPT CP RP TESTE EPS PPE TR PP A eS 


MCLANEs ReCe ANC WIERWILLEs We've 
THE INFLUENCE GF MOTIGN AND AUCI6 CUES BN DRIVER PERFORMANCE 


Th AN ALTOMOBILE SIMULATOR 
KUMAN FACTSRS, 19755 17(5) 488"501 


TTR EPC ERE OEE RSC OEORSEPSSEREREY CLES ESC ERASER EERE REE EAR EERE RRR OS 
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MILLER» GeCes URes AND RILEY, CeRe THE EFFECT OF VISUALeMOTIBN 
TIME CELAYS 6A FILOT PERFARMANCE IN A PURSUIT TRACKING TASK, 
"FRACEECIAGS BF TRE AIAA VISUAL AND MOTION SIMLLATIBN CONFER] 
EXCE', CAYTAN, BRIG» APRIL 2628s 1976-6 


PE RSPEP ESE LESSEE SEES ESE SELES ES ERS EEE SSE EEE EET EE TEREST ET PSE TE ST 


MILLFRs GeKeyResy AND RILEY, DeRes THE FFFECT BF VISUAL-MBTIEN 
TIME CELAYS ®8N\ FILOT PERFORMANCE IN A SIMULATED PURSUIT TRACKe 
ING TASK, 'NASA LANGLEY RESEARCH CENTER'»s NASA TN De8364 HAMP es 
TAN, VIRGINIA FAR NATI@NAL AERBNAUTICS AND SPACE ADMINISTRATIBN,» 
WASFINGTONs CeoCes MARCH 19776 (ALS6 IN PROCEEDINGS @F THE AJTAA 
VISLAL ANC MBTIGN SIMULATI6N C8NFERENCE, DAYTON, BHIBs 

AERIL 2€e8e8s 1976) 


TORE SPC RPP SEES EERPC ROPES SESS ESE PSSA RECA T REECE SESE EEE EST TT PET ee 


MILLERs ReBe 'PSYCHBLEAGICAL CENSIDERATIENS IN ThE DESIGN OF 
TRAINING EGUIFMENT'se WRIGHT AIR DEVELBPMENT CENTER, 6HIG 
wATCeT%e54=563, CECEMBER 19546 


TwRE ESCORT CECE PEP REST ES EPEC SES TCT ASSET CPCS TTT ET PSST ET SS SEE Y | 


MAFRIS, Foe ANC MATTREWS, NeBe NEw VISLAL AND MOTION TECHe 
NIGLES IN MILITARY FLIGRT SIMULATIAGNe PROCEEDINGS OF ROYAL 
AEFRANAUTICAL SBCIETY SYMPASIUM 'THESRY AND PRACTICE IN FLIGHT 
SIMLLATIAN's LONDON» ENGLANDs APRIL 19760 


PRC PPE PUR RES SESCE ESTERS ESSE SSR ESE CCS EERE RESETS ETS APE TY 


MUCKLER, FeAes NYGAARDs JeEos OB'KELLYs Beles AND WILLIAMSs AcCoe 
uke PSYCFSLEGICAL VARIABLES IN THE DESIGN BF FLIGHT SIMULATORS 
FAR TRAININGe AVIATION PSYCHBLEGY LABBRATERY, UNIVERSITY 8F 
ILLIASIS FOR AERA MEDICAL LABBRATARY WRIGHT AIR DEVELOPMENT 
CENTER» wRIGHT=FATTERSON AFBs SRIQ WADC TECHNICAL REPBRT 560369, 
LANLARY 49596 


PREP RPESCTOSRCESESSEOCSCEOCOCE SS EERE SER SEES ETRE TS YD 


KEWELL, FeCe ‘CRITERIA FOR ACCEPTABLE REPRESENTATION GF AlRe 
FLAXNE LYNAMIC RESPAKSES IN SIMULATERS USED FOR PILOT TRAININGte 
NRAVTRACEVCEN 1146015 SEFTEMBERs 19626¢ 


POR PUP ERPCECECECESCOCCOCC ESE CES EPR EET ETT CRP CEP PP YT 


PICANNOR, FeleTe A SIMLLATAR CALLED HOPEe ‘AIR CLUES'»s FEBs1968 


POWRPEPPUEPUELESITECOCLECOCSC ACCRA ESE EEE ESE SEES ERS ESET FLEE SE SE 


ACTERNA, AeVe SIMULATION REQUIREMENTS AND TECHNOLOGY» VOLUME NOe 
2 FEFBRT Be SIMULATION OF MATIANe LIAK/OIVISI@N/SINGER COMe= 
FANY BINGRAMTAN, NeYe REPORT Ne LP@239189e2, SEPTEMBER 1970 


PWRPUPPURCTECEACOESCEOEESE LISS ESSA REET ESTEE ERS SERRA A 
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ALOFIELC, Ce RBYAL AIRCRAFT ESTABLISHMENTs FARNBORBUGHs INSTRUe 
MENTATIAN ANC ELECTRONICS DIVISIEON> 1966+ (PERSE6NAL COMMUNICAe 
TIAN REF TECK MEMB IN PRESSe) 


PreEPTVTESCCECESEEPCECE COE SESE RES SER ER ESSE EERSTE ESTP SEPT Terre ee eee TY 


PERRY, Ceke 'PILATED FLIGHT SIMULATION TECHNIGUES'« PAPER AND 
SEPLIES TS GLESTIAKS AT AERACYNAMICS COAFERENCEs ROYAL AIRCRAFT 
FSTAPLISHMENT, FARKBSRELGHs ENGLANDe 1965 


TE RT UTCEO COR CECE CEC SER ASE RST RPA E EE ES EPSP CCPC eee Ce eee ee eee fs 


FERRY, Dere AND NAISHs CoMe 'FLIGHT SIMULATIAN FER RESEARCH! 
VAURNAL BF THE ROYAL AERSNAUTICAL SBCIETYs 683 645"662s 19646 


PREC EERERRERERSAEE TEL ECE RRS EES ESRC EEE SESE SELES ETP Se eee eee er? ft 


PRAPRET, weWeoy CARB, Pehe AND FALL» EeRe 
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LARERATARY REFART! AFHRL@TRe77°7» WILLIAMS AIR FORCE BASE, 
ARTZ8X\A @6224, MARe 19776 


Pec eererr TE Pee ee ERP ER ELSES SESE RE EPEC Se ee eee ee 


CYRUS, Mele ANC TEMPLETON» TeKs BUFFET SIMULATI8N FOR ADVANCED 
STMLLATSR FAR FILOT TRAINING (ASPT)+ FLYING TRAINING DIVISTON, 
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REFART AM@e NASA CRe23120 NATIANAL AEROBKAUTICS ANO SPACE ADMINIe 
STRATION WASHINGTBN»s DeCe 20546s BCTEBER 19736 


TER ECERTERTE RRR REE R ECE R ARREARS EERE EER ERE ESS EEE SEPT PRS PPPS AL EEE EY 


FRIECLANDs Bes THAUs FeEes CAHENs VeDes AND ELLISs Ye STUDY BF 
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GRAVES, Getes VUFe 
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REVELAPMENT AND APPLICATISN GF A NON GAUSSIAN ATMOSPHERE 
TURPLLENCE MBCEL FSR USE IN FLIGHT SIMULATBRS 

NASA CR 2451, SEPTEMBER 1974 


PT PPP PPP e Pee eT Pee eC PPP EPP PPP PRES PPS SPP PPP POT CPT EPSPS Tee eer 


REYNALOS, FeAes SCKELKOARNs AeE® AND WASSERMAN, Re CRIVE LOGIC 
FAR IN@eFLIGHT SIMLLATO8RSe AITAA PAPER 73#933% AITAA VISUAL AND 
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FERIMERTAL RESULTSe NASA CR#1933 SYSTEMS TECHNOLEGYs INCe, 
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EFFECTS OF MOTION (PSYCHOPHYSIOLOGY) 


Sensation and Perception 


(thresholds; cues; models) 
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FLOKALTs Re 'A WORKING BIBLISGRAPHY BN THE EFFECTS @F METIBN 

S\N FLUMAK PERFARMAKCE's BEHAVIGRAL SCIENCES LABBRATORYs 657TH 
AERASPACF MEDICAL RESEARCK LABSRATARIES, AERABSPACE MEDICAL DIVJ> 
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CLAGK, &. AND STEWART» yeCe VESTIBULAR AND NONVESTIBULAR INF6@Re 
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FLIGHT SIMLLATARe AEROSPACE MEDICINEs SEPTe 1967s 936°940 
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CLARK, Be AND STEWARTs vole TRRESHOLCS FAR THE PERCEPTIBN OF 
AN ELL AS ACCELERATIAK DETERMINED IN A PRECISI@N ROTATION DEVICE. 
4 Fates PRESEATED AT MEETING 8F THE AERASPACE MEDICAL ASSOC] Ae 
TIFN, MJAMT BEACK, FLORIDA» MAY 699, 15686 
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CLARK, Be AND STEWART, YeLle TRRESHSLDS FER THE PERCEPTI6N @6F 
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CLARK, Be AND STEWARTe VeCe COMPARISON BF THE SENSITIVITY Té 
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MAVING VISLAL SCENES INFLUENCE TRE APPARENT DIRECTI6N BF GRAV. 
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PUNLAP, DeSe ANC ANDERSONe FeE AIR FERCE MASTER PLAN © SIMULA 
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N@« AST YZKXR 7F4elels YUNE 1974 


PCR Pe rer Ter CT OPEPeECCCOSEE CCT CSC EPPS eee eee eee er | 
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ATF FRRCE MASTER FLAN SIMLLAT6RS FAR ATRCREW TRAININGs ASD/XR 
TR 76—m25 ANDREWS AF Bs MARYLAND*e SEPTEMBER 1975 
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FECCERSONs WeEse 'TRE ROLE BF MBTIBN INFERMATION AND ITS CONTRI & 
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FLEISKMANs EoAs AND RIChs Se 'ROLE OF KINESTHETIC AND SPATIALe 
VISLAL ABILITIES IN PERCEPTUAL*MATOR LEARNING! e JOURNAL @F 
EXPERIMENTAL FSYCKALOGYs V66s NBe 1 YULY 19636 
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FLEXMAR, ReEe 
MAN IN MATION 'TRKE CONNECTING LINK! 
GENERAL PRECISISNs INCe BINGHAMTONs NeYe 3 120182 1966 
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FLLLERs ReGe AN EVALUATION BF TRE FIDELITY BF MBTIBN SIMULATORS 
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CELCARC, Fede 'TRE HUMAN SENSES's NEW YORK$ YOHN WILEYs 19726 
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CLNCRY, Aeye TRRESHSLOS TO ROLL MOTION IN A FLIGHT SIMULATOR. 

FAF INSTITUTE OF AVIATIBN MEDICINE, FARABBROEUGHs HANTSs ENGLAND 
Ih ATAA, VISLAL AND MOBTIAN SIMULATION CSNFERENCEs DAYTON, BHIOB 
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ELAERYs, Aeywe TRRESKOLOS BF PERCEPTION FAR PERIBDIC LINEAR 
MATIANe AVIATe SFACE ENVIRO@Ne MEDe 49(5)! 679e686s 19788 
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SEFARGE', VBL e 15, PFe 357"365s FPERGAMBK PRESS, MARe 19756 
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KBPKINS, Be PROEFRIBCEPTIBN ANC/EGR KINESTHESIS 
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NEVe 1976ePPe 113012260 
(ALEA AGL =75"1&/AFBER=75 2811975) 


TPR eC eR ERR ERP RSE ERE SESE RR ESSERE ETE PARSER CER ERE ERE ERE ER eee 2 


KITRKPATRICKs Me AND BRYEs ReGe MAN@MACHINE EVALUATION OF 
MAVINGeBASE VEFICLE SIMULATION MBTIBN CUESe NASA CR#120706, 
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LATED REACING TRACKING TASKe PRESENTEC AT THE FOEURTEENTH ANNUAL 
CPNFERENCE &N MANLAL CONTRALs UNIVERSITY BF SAUTHERN CALIFORNIA, 
LAS ANGELES» CALIFERNIAs MAY 25°27, 19780 


PE eee CPO PEELS PESC OPES ERE PES EPS TASER ECCS RECS ESE RE REST ET ESET 
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MATTHE NS, NeG@e TRE RELATIVE IMPORTANCE GF PHYSIGLOEGICAL AND 
VISLAL FACTARS IN PREVICING REALISM IN FLIGHT SIMULATIE6Ne IN 
PRACEECINGS TafeDAY SYMFESIUM SN FLIGHT TRAINING SIMULATERS FOR 
TRF 70'S, 1L4TR/1ETR SCTBBER 197Cse RAYAL AERBNALTICAL SSCIETYs & 
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| SRMSBY, CeCe MBDEL SF FLUMAN DYNAMIC ORIENTATION PH D THESIS, 
REPARTMERT SF AERBKAUTICS AND ASTRAKAUTICSs MITs 197460 


PO RSO CTC CTC CRORES ER ERE RRP RR EST SERRE SEPA ERAS ASRS ERASER ET TES EES 


ARMSBY, CeCe AKD YGLNGs LeRe PERCEPTIAN BF STATIC BRIENTATION 
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EARKERs DeMes SCHAFFER» yes AND CBHKENs Eo THE EFFECT OF PAST 
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STFAART, Cede KUMAN PERCEPTION BF ANGLLAR ACCELERATION AND [Me 
FLICATIANS IN MATIGN SIMULATIOANe AITAA PAPER 70*35Cs 'AIAA VISUAL 
AKC maTIAN SIMULATIAN TECKNELEGY CANFERENCE', CAPE CANAVERAL» 
Fle,» MARCr 16 = 18% 197Ce 
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EFFECTS OF MOTION (CONTROL PERFORMANCE ) 


Vibration, buffet and turbulence 
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EFFECTS OF MOTION 


Low-altitude, high-speed (LAHS) flight 
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EFFECTS OF MOTION 


Pilot-Induced Oscillations (P10) 
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TICLE, gThs» FARIS, FRANCEs MAY 2906312 1967» PAPER 50 Pe 


289 





NAVTRAEQUIPCEN IH-298 


EVALUATION 


Objective Measurement 








NAVTRAEQUIPCEN IHe298 


ASKHARTK, BeRes MCKISSICKs BeTe AND MARTIN» Deve JReo SBUECTIVE 
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FAFMAKCE, TECKNICAL REPORT SPECDEVCEN 999"2e4- THE PSYCHELEGI~ 

CaL CARPSRATIGN ANC THE LeSe. NAVY SPECTAL DEVICES CENTER PREVECT 
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CeFrek exGaGEC IN VISLALLY CANOLCTED SLALOM RUNSe NASA 'LANGLEY 
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ARMY AVIATION MATERIAL LABORATORIES, FART EUSTISs VIRGINIA, 
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TETKNICAL REFART 520145 LACKLANC AFB, SAN ANTONI6s TEXASs DECEMe 
BER, 19826 


TROP RP ERPER ESR ERS SESE SELES ERE ESE RSE SERRE EPCS ERE AREER ERE R EE ST SE 


SFRINGs weGe 
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TEE, KAMPTGN, VA, PRESENTED AT THE 'AITAA/ASD (AFSC) VEHICLE Dee 
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TNveSpTGaTIGN OF zhe ROLE SF MOTION IN GREUND.BASED TRAINERS, 
LiFe SCIENCES, FURST, TexAS FOR THE NAVAL TRAINING EQUIPMENT 
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APPENDIX B 
CHRONOLOGICAL LISTING 


"Scientific history, like histories of other human activities, at times 
has a way of behaving much like a musical rondo; themes tend to come ‘round 
and ‘round again." 


Frank A. Geldard 
(The Human Senses, 1972, p. 386) 


In reviewing this chronological listing, it appears that the above quota- 
tion may be applicable to the topic of motion in flight simulation. Many of 
the perennial questions concerning motion simulation are still around, and 
still not answered satisfactorily. 
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CEVELBPMERT CENTER» AIR RESEARCR AND DEVELOPMENT CBMMANDs TECHe 
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ChANNELSe APPLIEC PRKYSICS LABe REPORT CM#936, YBHNS HOPKINS 
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NOTE TN Cel48Rs BCT 19626 


PRR RRC RESCERBRAAEEE ESC ESE CAS ELEC OC RSE EEE TEP ESE REESE RAL AE REE 
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PoR TEC EP CECT EPP OPES ESS SELES EE PRESET ST ECP SSPE PCR PEPE EET es 


PRELL» hele 

A SIMULATOR STLCY BF TILTe®WING KANDLING GQUALITIESe 
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PANAERs Reke SPATIAL DISORIJENTATIAN @# CURRENT CONCEPTS AND 
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FARCE PASE, SkI@s AMRL MEMBRANDUM 8-55, SEPTEMEER 19635 27 PP, 
AC 419 38C> 


HEH HHH HHH EHH EHH EEE 


TALERy VCeRes MCINTYREs wes CAFFEEs MePe SIMULATION BF HELICOP}] 
TER ANC V/STO@L AIRCRAFT VA8LUME Is HELICSBPTER ANALYSIS REPORT. 
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ATFCRAFT ESTABLISHMENT's TECHNICAL REPSRT NG@e 66373, 
CECEMBER 1966. 


PORES EVUSCTOC SISOS CECE CEO OCS ERECT EEE PETE EST ELAS EP ESE PEE ET 


CLARK, Be 'TRKRESFOLDS FOR THE PERCEPTI6N BF ANGULAR ACCELERATION 
TN MAN's "AERBSPACE MEDICINE 's 19672385443-450¢ 


TORR ERPETTCREESESCEOCSSCOCOSCOSC ESSEC ERE SET EERSTE TEER REECE ES Se 


GILLINGHAMs Keke SPATIAL DIS@RIENTATIAN BAS BEEN A DEADLY 
CAMERSMISER 8F PILG@T PERFORMANCE EVER SINCE BLIND FLYING WAS 
FIRST ATTEMPTED. RESFARCRk IN RECENT YEARS HAS LED T@ A TRAINING 
CEVICE THAT A YEAR BR SB FRAM NOW MAY ASSIST PILOTS IN O@VERCOMe 
IN THIS TRREATe AERO@SFACE SAFETYs JANe 19676 


TORR RERELCOBORIE ECE OSES ESL SET SCRE EEE PETER TET TT PRESET PPS SS 


FALL» EeRes FARKER» were dRes AND MEYER, DeEeo 

4 STUCY BF AIR FARCE FLIGRKT SIMULATA@R PRAGRAMSe USAF 
AMFLeTRa67"°111 AERBSPACE MEDICAL RESEARCH LABBRATBRIESs WRIGHT 
FATTERSBN AFB, BFIA 1967 


TORRES ECERECERESSEESES ES ESAS EET eR EE EEE TEEPE SET SEE ERS EER ERE SE SE 


FKAMMERTBNe Me MEASLRES FOR THE EFFICIENCY OF SIMULATORS AS 
TRAINING CEVICESe ‘'ERGONBMICS's 10: 63265% 1967° 


TORR EEC CECE RSESETCEECESEC OSES ESC SERPS TSS ETS ESET STS ASE 


MILLS, GeEe 

TECRENIGLES FSR IMPROVING THE QLALITY OF MOTION REPRODUCTION IN 
WAVING BASEs FILATEDs FLIGHT SIMULATORS. AIAA PAPER NOe 6702520 
ATAASFLIGHT TEST» SIMULATION ANC SUPPORT CONFERENCE, CO8CBA BEACH 
FLARICA, FEBRLARY 688 19676 


TRESE ERE CERES ERESCE EROS LSE SEP ECR ERTS ERE ESET AR ETRE TT ES EE 


Fee CSRLYSN = MATION SYSTEM 
EFATERT N@e 32494,052 
FILEC APRIL 1C» 1967 GRANTED FEBe 10s 1970 


POR PRP EP RER ESSE ESC SEALERS EPEC AEE ERSTE AA TSP ASSES SSS 


Me ARSASPR @= ASSAULT BEAT CAXSWAIN TRAINER 
FATENT ASe 394860242 
FILEC “AY 29» 1967 GRANTED DECe 304 1969 


POR RUCERE CRRA EC EE EC EELS EEE PSSST ESAT ERE ERR RARE OE 


ELLIS», Noe Ces LAKES» Ae Les MATHENYs We Ges N@RMANs De Ae AND 


wILKERSO@Ns Le Eo 
FILAT FERFERMANCE, TRANSFER GF TRAINING AND DEGREE OF 
SIMLLATIAN!S I]e VARIATIONS IN AERADYNAMIC COEFFICIENTS 
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NAVAL TRAINING CEVICE CENTER 
TEOhe REPTe NAVTRADEVCEN 1889"1s MAY 159670 


eer es Cece re eee ee ee Pee TC PC Pee eee eee Pee TPP Pee Pe Pee eee eee 


MEYER, CDeoEos FLEXMANs ReEos VAN GUNDYs EoAes KILLIANs DeEoe AND 
LANARAN, Code 1A STLDY BF SIMULATAR CAPABILITIES IN AN ®BPERAe 
TISNAL TEAINIAG PREGRAM'« WRIGHT PATTERSON AFBs BHIOS AEROSPACE 
MECICAL RESEARCk LABBRATORY, TECHNICAL REPSRT AMRL#TR*67e14, MAY 
1547.6 


6 EMH RES EH HHH HHH KRHHHHH HHH RHEE 


WENDT, heWe OPERATIUN MOTION THRESHOLDS AND mMBVING BASE SIMULA®e 
TAFS$ CAMMENTS BK FeFe RUDDLESTONs CBCKPIT MOTIBN REQUIREMENTS 

FAS FLIGHT SIMLLATIBNe R363 (IAM, BRITISH MIMESGRAPHED PAPER), 

19 FE. 'LINK EXCIAEERIAG REPORT! ER@=8394 1 MAY 19676 


PTECPPCCRECELEC ECCT TELE COSC CCC CLOSES EES Cee eee eee eee eee ee ee eo 


WRFANINGEs Be tA SIMULATOBR INVESTIGATIAN TB FIND SUITABLE COMe 
MANE SIGNALS FOR A THREE*CEGREES OF FREEDBM SITMULATE6R MOTION 
Systewt, ASSACIATIGN FRANCAISE DES INGENIOUSE ET TECHNICIENS DE 
LYAFRENAUTIGLE ET DE L'ESPACEs CANGRES [NTERNATIS8NAL AERBNAUS 
FISLE, BTR» PARIS, FRANCEs MAY 298312 19672 PAPER 50 Pe 


TORE RPRECREESECEOCECOCC COLES SP eR RRR RPP RSET ee ee TS 


SICAKNAR, PeleTe A LOWeCOAST BNE DEGREE GF FREEDBM FLIGHT MOTION 
SyStFé.e RAF INSTITUTE BF AVIATIBN MEDICINEs FARNBERBUGHs HAMPo 
SeTRE "TAM TECHNICAL MEMO! 3014 YUNE 19676 


Toe eR PEP UPC ESOSC ESC RCC SESE SSE CAEP EPC EPR PARE ESE TPT Eee 


PEFR» Mere PIBLIGGRAPHY ON TRACKING CENTRELSe ‘MEASUREMENT 
SYSTEMS, INCeots NORWALK, CONNECTICUTs YUL 19676 


POERP OP EOPESE SEES EECSCCEOCACSSE CAPERS EERE ST PCP PS SPEC PP PE Pee SS 


WeTTE, MeCe AND CABPERs Gefe A PILOTEC SIMULATION STUDY OF GPe 
FRATISNAL ASPECTS OF THE STALL PITCH*#UP. AMES RESEARCH CENTER, 
'NASA TECKNICAL NOTE! De 4C71» GULLY 19676 


PO RP EVES EE RESET EIT CLEC EAEE LLAMA EAR RRA RRR Cee hE LS 


CLARK, Be ANC STEWART» weDe VESTIBULAR AND N@NVESTIBULAR INFORe 
PATIPR IN QUCGMENTS BF ATTITUDE AND CORIGLIS MOSTION IN A PILOTEO 
FLIGHT SITMLLATARe AEROSPACE MECICINEs, SEPTe 1967s 936"940 


TPR RR ORC RESESERUPRPESCSOEOELE RSP CSET PROPEL PPE EY 


KIF%y weye ANC STARK» EoAe REPORT SF THE VISIT TO THE TWA 
TRAIK TRE CENTER KANSAS CITY, @N AUGUST 314 1967+ GENERAL PRECI@ 
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S19Ne INCe LINK GROUP*SYSTEMS CIVISION, INTEReOFFICE CORRESPON> 
RFACE, MEMO NBe WOK/EAS 67°267* SEPTEMRER 7s 19676 


PRR RETCERUE SERA SESEE EE ERLESE LESS CAREERS EERE RATE TESA REP ERS 


LE» Ce wee ANC CYCAs Ke Je 

ERILACeRASED SIMULATION TECHNIGLES> 

NERTR AMERICAN AVIATION INCeos LOS ANGELES DIVes CALIFORNIA 
FeR 't™LSAAVLAPS REPORT! TR=67-56s AD@663 8475 BCT 1967¢ 


ORC RU REPRE RSE EESEC ESE ESET EET CCAP ESET ERC ERE ETS ERE EET ST 


MCLAUGELINs MeCe SIMULATOR INVESTIGATION 8F MANEUVER SPEED INe 
CREASES SF AN SST CONFIGURATION IN RELATION TA SPEED MARGINSe 
NASA 'TECENICAL NOTE! De4085s 'LANGLEY RESEARCk CENTER'»s LANGLEY 
STATIAN, HKAMFTO8R, VAs 8CTe 1967-6 


TORS EC ESOT OC OCES ERE ECS ELE CEE PEC AEP EEE ER EERSTE TA 


YOUNG, LeRe 'S9ME EFFECTS OF MATION CLES BN MANUAL TRACKING! 
CSLRNAL S8F SFACECRAFT AND ROCKETS, BCTABER 1967s PAGES 13061303 
VALe 4s NBe 1Ce 


TORRE PUEPECEAEEERSECESESES ECE PELE EEE ESE EES EEE SERRE RES ERE oD 


CLTTS, Seve 'A STUCY OF TURBULENCE SIMULATION! e LINK#*GREUPeSYSe 
TE”S CIVISIOAN, GENERAL FRECISION» INCe BINGHAMTONe ENGINEERING 
SEFART A\Ae 8545 NOVEMBER, 19678 


PRES EERE RE ROSE ERR E SCE SCRE SEE EPEC A EEE EEE RSE EST PRET DD 


SINACART» weBe V/STOL GROUND=BASED SIMULATION TECHNIQUESe PRE@ 
FASED BY NORTKROF CARPe, NORAIR DIVISIBN» HAWTHORNE, CA FOR UeSe 
ARMY AVIATION MATERIAL LABORATORIES, FART EUSTISs VIRGINIAs 
"LSAAVLARS TECKNICAL REFORT! 6755+ NOVe 19676 


TORR UPPER EPC EEE RESER ES ESE SER EY SPREE STEERER RRR ERASER EY 


FMERY, CeGes SONKEBARNe WeGes AND ELAM, CeBe A STUDY BF THE 
VALJOTTY BF GROLAD*BASEC SIMULATIAN TECHNIQUES FBR THE UHe1B 
kELICBPTERe BELL FELICBPTER C3es FART WORTH, TX FOR 'USAAVLABSs 
REPT! TRe67=72, AD=667 988, DEC 19676 


TORRES EEC E RAPER REESE SELES EEE SE REE EPR EERSTE EP A 


PASRETT, GeVe AND THSRNTONe Cole 'RELATIGNSHIP BETWEEN PERCEPe 
TLAL STYLE ANC SIMULATOR SICKNESS'« 'JBURNAL OF APPLIED PSYCHB. 
LAGY', 1968 S2s 4s 3C4"308. 


TORRE PEREER CECE ESESCESE SESE ERTS ERS EEE SEES RR RTECS EES AREER SD 


CLARK, Be ANC GRAYBIELs Ac INFLUENCE AF CONTACT CUES 8N THE 
FERCEFTIAN OF TRF BCULAGRAVIC ILLUSION. 'ACTA STO*LARYNGOLOGICA! 
£Gs 3734398Cs 1968s 
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ST9N» INCe LINK GROUPSSYSTEMS CIVISIONs, INTER*OFFICE CORRESPBN] 
PFACE, MEMO ABe WOK/EAS 67°2674 SEPTEMRER 7s 19676 


PRR RSP URPP REESE SEECE ES OCLESESEPSSS ERT ERE LERC ERASE TEER EEE ERE RSE EE ST SE 


LE» Ce wee ANC CYCAs Ke Je 

ERALACeRASED SIMULATION TECHNIGLES> 

NSBRTR AMERICAN AVIJATIAN INCer LOS ANGELES DIVes CALIFORNIA 
FRR '™CSAAVLAPBS REPBRT! TR67"56s AD#663 847s BCT 19676 


TORO REPRE RR ROSE RSES EE CE SECT EPC CAPES EERE RES ERS EEE EE EST ES 


MCLAUGRELINs MeCe SIMULATOR INVESTIGATION 8F MANEUVER SPEED INe 
CREASES 9§F AN SST CONFIGURATION IN RELATION TE SPEED MARGINS» 
NASA 'TECKENICAL NOTE! De4C85s ‘LANGLEY RESEARCr CENTER's LANGLEY 
STATION, KAMFTON, VAs OCTe 19676 


TPRR EPEC TE RES ERRPER ESS SLEEP Pe TEE ET ESTE EERE EERE ST ETE TEE SS 


YAURG, LeRe 'S9ME EFFECTS @F MATION CLES BN MANUAL TRACKING! 
eAURNAL §8F SFACECRAFT AND RACKETS, BCTABER 1967s PAGES 130Ce1303 
VAL e 4e N6e 1Ce 


TR Ree PUEPrPrEEEEPCESESCEP OSES ESE Pe CAE EE EEL ESE ESTEE CR REE RR REE 


CLTTS, Seve 'A STUDY BF TURBULENCE SIMULATION! e LINK*GROUPeSYSe= 
TE”S CIVISION, GENERAL FRECISIGN» INCe BINGHAMTONe ENGINEERING 
SEFART \Ae 8544 NOVEMBER, 19678 


PROSPER SORE ERROR EER ESE SCO S ERE SPSS ARETE RATERS RE SEE RSE RARE ST 


SINACHRI, wee V/STAL GREUND-BASED SIMULATIA@N TECHNIQUESe PRE@ 
FASED BY NORTHROP CARPe, NORAIR DIVISIBNs HAWTKERNEs CA FBR UeSe 
ARMY AVIATION MATERIAL LABBRATSRIESs, FART EUSTISs VIRGINIAs 
"LSAAVLARS TECKNICAL REFORT! 67*55% NOVe 19676 


PREAMP ERE CUS ERERERESESESE CET CPR ETERS EES AERTS SRE RSA RSE ES 


EMERY,  6Ges SONKEBBRNe WeGes AND ELAM, CoBe A STUDY OF THE 
vALICTTY BF GRELND=RASEC SIMULATI@N TECHNIQUES FOR THE UHelB 
bELICEPTERe PELL KELICBPTER Ces FOBRT WORTH, TX FAR 'USAAVLABS» 
REPT! TRe67=72, AD=667 988, DEC 19676 


TRO RP RCE RC ERE ESESESE SEE EEE EEC CASE ESS AREER AAA REE RRA REE EE SE SD 


PASRETT, GeVe AKC TRESRNTONs Cole 'RELATIGNSHIP BETWEEN PERCEP es 
TLAL STYLE ANC SIMULATAR SICKNESS'e 'JBURNAL BF APPLIED PSYCHO. 
LPSY', 1963s Seo 4+ 304308. 


Pee RO PERPRT ECE SESSESESE SESE REP SS ASE CESARE RRS ER SARE RAR RAR AE SS OD 


CLARK, Be ANC GRAYBIELs Ac INFLUENCE 8F CONTACT CUES 8N THE 
FERCEFTIAN OF TRF SBCULAGRAVIC ILLUSION. "ACTA STO*LARYNGSLEGICA! 
es 373038 19686 
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TSEC PCP ReC POPP eee EEE E PSS ESE PRCA PPC PAS CPR PPP CPP RSS eS SS 


CL4RK, &, AND STEWARD», Cele MAGNITUDE ESTIMATES 6F ROTATIONAL 
veLecy Ty CLURIAG ANC FELLOAWING PROALBNGEC INCREASINGs CB8NSTANT, 
AKTM ZEkg ANGLLAR ACCELERATI@Ne WVOURNAL OF EXPERIMENTAL PSYCHOL 
PEY, 19682 VO8Le 78s KBe 2» 329°339 


TWEETER ECEAAELESRELESEA BAER LTE RRA he ee Pee eee eee eee Se 2 


CLARK, Be AND STEWARTs Velo CAMPARISO@N BF THREE METHODS TS DEe 
TESM IKE TRRESRBLOS FAR FERCEPTIBN BF ANGULAR ACCELERATIONe, 
Thr TAMERTCAN Ge SF PSYCKBLAGY's 1968 VO8L>e LXXXIs 207-2166 


‘Tere PreEreEREeSeEeeeReP ORS ESS EP CCAS EES ERR SREP ER SEEPS SPT Ss 


CLARK, Be ANC STEWARTs CeDe COMPARISON SBF SENSITIVITY FOR THE 
FERCELETION SF BARILY RBTATIAN AND THE BCULAGYRAL ILLUS]J6Ne_ '!PERe 
CEFTTAN ANC PSYCKBPRKYSICSe', 1968, VOlLe 3 (4A). 


Cre PrrrreeEOTECTCCCOTCOCCCTCOCCCOZIEC COSCO COSCO SES CC eS eT eS eee ee ee TS | 


LAYES» AelLes ELLISs NeEes NA@RMANs DeAe AND MATKENYs WeGe 
IMPRSVIAG PILATING SKILLS IN TURBULENT AIR USING A SELF*ADAPTIVE 
TECRENIGULE FAR A DIGITAL BPERATIBNAL FLIGKT TRAINERe NAVTRADEVCEN 
£7=C=CO34"2s 19685 NAVAL TRAINING CEVICE CENTERs 6BRLANDOs FLe 


Tere eer Se ROPERS RE RE SERS ERE POSES SEER ASS RRA REE RRR RSE SEES Pe ee 


LUTRANCERs, STEN 'tINVESTIGATIAN BF FUNCTI6N ANC PERFORMANCE OF 
CAPT MBTIGN SYSTEM OF FLIGHT TRAINING SIMULAT6R FBR A/C 37", 
REPART TaA7C1#R2y 196860 


Taree er re Ree Pee ePE SER ES ESE PCR ES ERR PORES SRL ESL EERE RSE SEER EE ESE Se 


MILLFRe MePe» AND VINGEs Eowe FIXED*BASE FLIGHT SIMULATE6R 

STL Ctes 9F VTL ATRCRAFT KANDLING QUALITIES IN HOVERING ANDO LO@we 
SPFEC FLIGRT» TECKNICAL REPORT AFRDOL*TR=67°152s AIR FARCE FLIGHT 
MYNAMICS LABBRATARY, AIR FARCE SYSTEMS CB8MMANDs, WRIGHT PATTERSON 
AFP, ARIA» GANLARY 19686 


TCrrrrrrr ret rrrrrrrrerCOCeCOPVECCCOo eC Cee eee Pee eee eee eee eT Ss | 


MULCs» Se ASSESSMENT AF THE FIDELITY BF DYNAMIC FLIGHT*SIMULA} 
TARS', 'tkUMAN FACTBRS' 10:3 351°358) 1568+ 


wR EP a PPR POPP EPR ER SSES ESE PSEC EPP EPC ETERS RE RTRSY 
SICANKIR, FeOeTe A SIMLLATAR CALLED HBPEe 'AIR CLUES's FEB01968 
PT CT PTC PP RPC PERE RE CECE OSES ELSCLAEARC ESE ERR RSE ERE ERS EE Se 
FRLLTER, ReFe ANC WILSSNs ReVe 'PILOTS ASSESSMENTS OF A PITCH 
raTTAn SYSTEM FAR A FLIGHT SIMLLATOR'e ROYAL AIR FORCE INSTITUTE 
RE AVIATION MECICINEs SCIENTIFIC MEMORANDUM 82s. FEBe 19686 
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PPEPTPUCECC ISOTOPIC OTOCCOSCSS SSCS Cee Cee tee Leer cee eee eT Tt) 


CARKIADALEs KeGe AND BENSON, Arde ‘PHYSIOLOGICAL AND PSYCHBLBe 
EITCAL FACTSRS INFLUENCING VEHICLE SIMULATI@N'e VEHICLE SIMULA« 
TIAN FAR TRAINING AND RESEARCHe ReAeFe INSTITUTE OF AVIATION 
MERNICINE, IAM REPBRT NA e 4420 FARNBAROUGHs HANTSs MARCH 1968 


PWEPEVETVTECEUPCTCCCOCOCOSCOCCOCCUCOCOECOLSCOCCCCCTOCSCSCECOSESE CES eer er se S| 


ECFNRARBUGKs Re Aco 

RAF INSTITUTE BF AVIATION MEDICINE, 
FASKABRBUGHs FANTS, 

IA” REPABRT 433% MAR 19686 

LSER SPINIBN BF RAF FLIGHT SIMULATBARS 


TERRELL ORLA ELE RECARO CCPC CPP PCCP RP EPS SE EF 


RALFE, CeMe 'VERICLE SIMLLATISN FBR TRAINING ANDO RESEARCH'e 
FARFRRB@RALGHs» ENGLANC!S RAF INSTITUTE BF AVIATISN MEDICINE, 
TAMeRad4es MARCRK 1968 U77-651 (PRACEEDINGS BF A SYMPOSIUM HELD 
AT ThE UNIVERSITY @F SUSSEX AS PART 6F THE 1968 ANNUAL CBNFER} 
FACE 8F TKE ERGSNOBMICS SBCIETY®) 


TPRSEPUPUSCSCESESCESOE SSCS ASE RES ECAC ESE EET TETAS PCA eS 


SKIRLEYs ReSe AND YBUNGs LeRe MBTIBN CUES IN MAN#VEHICLE CANe 
TE8Le IN FBURTR ANNUAL NASASUNIVERSITY COINFERENCE 8N MANUAL 
CANTRAL, UNIVERSITY OF MICHIGAN» ANN ARBA@Rs MICKIGANs MARCH 
Z1°%23, 196€8¢ KASA DOCUMENT SP=1926 


TORS RPS EPOCCESCESESPERS SELLE CEES RSS SE 


STAFLEFBRC» ReLe MULTIMODALITY PILAT MADEL FAR VISUAL AND MBe 
TIAN CLESe FEBRLARYs, 1968+ [N FAURTH ANNUAL NASA*UNIVERSITY 
CANFEREACE BN MANLAL COATROL», UNIVERSITY BF MICHIGAN, ANN ARBOR» 
MICKIGANs, MARCK 21°239 19682 ASA SP"49260 


SHEA RENEE HERE EEEREHER EEE RHREREEEREHEHHEHRHRHHHHHEHE HHS 


STEIN, Keve CIGITAL COMPUTERS T8 AID FLIGHT TRAININGe AVIATIAN 
wEEK ANC SPACE TECHNOLOAGYs MARCh 4, 1968+ PPe 61°676 


TPES EPECEEREAESLEEELE LCE CAEL RRR PCA he eee eee ee ee DD 


YPLAG, LeRe 8S BIOCYBERNETICS @F THE VESTIBULAR SYSTEMe REPORT 
NACA GPey9Zs FOLRTR ANNUAL NASASUNIVERSITY CONFERENCE ON MANUAL 
CAN. TReL, FELC AT Ue SF MICHIGANs MARe 218239 19686 


POWER PEVEPTECESECCOCCOCCESC OSE RSTO CSRS ECE LEP EEESE EES ESLER EARLE RAE SS ED 


KUNTERs GeSe "ATA URGES ADVANCES IN FLIGHT SIMULATORS'® 'AViAe 
TIPN wEEK AND SPACE TECKNOLEGY'+ MARCH 4s 19688 


CREE SHAH EHHEEHHRERERHREMHAHEHHE HE EEHHHHEHHEH HEHEHE HEHEHE HEED 
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CLARK, Be AND STEWARTs Cede THRESHOLDS FER TRE PERCEPTION OF 
AKNCLLA® ACCELERATION CETERMINED IN A PRECISION ROTATION DEVICES 
4 FaPeER PRESEXTED AT MEETING OF THE AER@SPACE MEDICAL ASSOCI Ae 
TIfNe MTAMI BEACKs, FLEORICAs MAY 69s 15686 


ee HHH EHH HEHEHE HHH ee 


CARR, Fewer wRey JSLEYe Reve ANC JOLLEY, @eBe THE CAPTIVE 
FELITSPTER AS A TRAINING DEVICE: EXPERIMENTAL EVALUATION OF A 
CANCFET. RUMRRH TECHNICAL REPSRT 68°95 JUNE 19686 


TL ee ere eee eee eee TCC eee ee eee eee eee eee eee Pee eee eee 


CIPINGs, Deve "EFFECTS BF PRESENCE 8R ABSENCE 6F CECKPIT MOTION 
TN INSTRUMENT FLIGRET TRAINERS ANC FLIGHT SIMULATBRS'»+ TECHNICAL 
REPSBRT ASDeTRe6R=24, JUNEs 19688 


WH ae ee HE Te He HEH HEHEHE HHH HEHEHE Hee 


FRIFTLANDs Bes TkKAULs FeEos WELTs See LINGs CeKes AND SCHILOERsMe 
ART TTTAKAL STLOIFS BF GLASTe@PTIMUM FEEDBACK CB8NTRO@L TECHNIQGUESe 
TECke SEPBRT NASA CR“109S» AMES RESEARCH CENTERs YULY 19686 


TRE Ree PEC E eee ever e eee eee ee Pee AP ee ee eee eee eee eee eee eee 


MALCTKs Ve 

FYILAT HRIENTATIAN IN CBMPLICATED METEROBLOAGICAL CENDITIGNSe 
"FRRE IGN TECRNELAGY DIV! 

wRICGHTeFATTERSPAN AFB, OF 

REP Te FTIN@hT*23"372=68s AL$849"959, 

whl 19686 


Tete PCP CRP eee ee ee ee Pe Le PPP CRP PPP CPP PPPS PPPS PP SS oY 


VALVERDE, hehe 'FLIGKT SIMULATSRS» A REVIEW BF THE RESEARCH ANO 
CEVELSEYENT!'e WRIGHTSPATTERSON AFB, BIAS AERBSPACE MEDICAL 
RESEARCK LABBRATASRY, AEROSPACE MEDICAL DIVISIONsYULY 1968s TECHe 
NICAL REPBRT AMRL@TR=689976 


Tce eee eee eee eee ee eee Te CRP ee PP Pee eee eee ee ee ee ee eee ee 


FLL IS, Be Cor LAWES» Aes MATHENYs We Gey AND NORMAN, De 

Prier FERPARMAKCF TRANSFER BF TRAINING AND DEGREE OF SIMULATIEON 
TrTe PERFORMANCE HF NASN@VET EXFERTENCED PILSTS VERSUS 
SHPLLATIAN FICELITY« 

NAVTRACEVCEN 67 eCeCO34elLe 

Le Se AVAL TRAINING DEVICE CENTER» BRLANDOs FLORIDA, 

ALELST 19686 


I HHH HEME EHH HH ee 


CRARAMs» Coke ' A RATIGNALE FOR MEVINGe BASE FLIGHT SIMULATI@N 
an A PRELIMINARY STATEMENT 8F TRE MOTIAN REGUIREMENTS!'e THE 
PRE TNC CAMFARKY CACLMENT NBc 0657149 AUGUST 19686 
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PP Re EPCOS UP ERO SE ESE EES SESE RES POCA SEES AS EECCA SES ST PE PSS ESS 


FESSERDENs EMMA Tes HALL» ReAe*® AND CRASBIEs ReKe DYNAMIC SIMUe 
LATISN @F SPIK BA THE HUMAN CENTRIFUGE, REPORT OF PHASE Ip» 
TA? AVAL ATR DEVELOPMENT CENTER REPORT! NADC=MRe68135 16 SEPT 1968 


POeREO CC ESCTOERLSSSC OCS SCE SESS ESE PE CAPER ESET ESR TEP PST PSR SD 


PLRRAWS, AeAe AND WHITEs ReTe HUMAN FACTORS JN FLIGHT TRAIN= 
ING$ SIMLLATITANK ENTERS A NEW ERA DOUGLAS AJRCRAFT COMPANY 
FAPER AB, S27Se¢ PRESENTED TH TRE INTERNATIONAL FLIGHT SAFETY 
SYMEASILMs DISNEYLAND HOTEL, ANAKEIMs CALIFORNIA OCTGBER 9» 1958 


PORE REEU TERS PE RSE R RSC ESE SERS ESPACE EE SS EES SESE STEER SESS SEES SE Ee SE 


FITCHCSCKs Ley VRe AND MORWAYs Code 

"A CYNAMIC SIMULATION STUDY BF TKE SWEPTeWING TRANSPGRT AIRCRAFT 
TX SEVERE TURBLLEACE'e UeSe NAVAL AIR DEVELBPMENT CENTER 
NACRCeMReE6R07y VLARNSVILLEs PAe SCTABER 19686 


wR e Creer cee eC Pe PCP eC CEP LEP eS Pe PC PPPS CT Pe CPP TTC TP PPS Pee eS SS 


Aevue GAYAK = MATIO6N SIMLLAT6BR 
FATEAT ASe 3255945936 
FILED A\@ve 26, 1968 GRANTED FEBe 2, 1971 


TwRERPUPTECCBSSEPERECESCLCEOSOS SSC CREE ESTEE EPSP TC ES PTS 


NATIANAL AERARALTICS ANC SPACE ADMINISTRATION« ‘COMPENDIUM OF 
KLMAN RESPONSES TBH THE AERBSPACE ENVIRANMENT', NASA CReiz05(11)e 
v8l TI, SECTIANS 7*9s ECITED BY ROTHs EeMes LOVELACE FEUNDATIOAN 
FAR MER ICAL ECUCATIAN AND RESEARCHs ALBUGUERGLEs NeMe FOR NASA, 
KASKINGTSNe CoCe NBVe 1968 


PREP RREP TCE RAE EO CEE CC ASE RCC CORREO ECS E SEC CSR EE PSP TPS SS SES 


MCPANNEL»s weCe FPILAT RATING TECHNIQUES FAR THE ESTIMATIEN AND 
FVALLATIAN 8F KAACLING GUALITIESe TECKe REPORT AFFOL@TRe68=76, 
AT® FARCE FLIGHT CYAAMICS LABARATARYs AIR FORCE SYSTEMS COMMANDs 
ARTGKT<FATTERSAN AFBs Bks DECe 1968 


ORO Ee TE CSE SE CEES AL £2 Bek bd eth B delicteedeh telieteieied tieietted Boh ied 


wele AKISTER ET AL = IMFROAVEMENTS IN BR RELATING TO GREUND=BASED 
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SElTL CheESs 1976 
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LST*AFRSS@FRe76e1e SEPTs 19766 


POUPrRPVUTTESCTECOCCOPCCCE ECCS EPEC ee EPR SEER SE 


KL TTAKRs YeFes ELRKEs Dey ENGLEHARTs Jeles NILSBONe JeMes 
SPMAGL Ib» Feces AND SCHNEIDER» Aeye AIR=TH=GREUND vISUAL SIMU- 


401 








NAVTRAEGUIFPCEN IKe298 


LATION GE MGONSTRATIGNe FINAL REPORT, VOL. 12 PROVECT 22355 AERB« 
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CARR, Pewe PLATFORM MOTION AND SIMULATAR TRAINING EFFECTIVENESS 
CEFVILLE RESEARCh CORPARATIB8N. FAPER SUBMITTED FOR '1977 NTEC/ 
INCLSTRY CANFERENCE te 


TRE eR P OPT e PEO PPR C ECCS EE SSP CCAR EET ETE ECS EEE RSET ES ARETE SD 


GRAY» Teke AKC FLLLER»s ReRe SIMULATOR TRAINING ANDO PLATFORM 
METIAN JX Al ReTAeSURFACE WEAPBNK DELIVERY TRAININGe FLYING 
TRAINING CIVISIAN AIR FARCE KUMAN RESBURCES LABORATERYe WILLIAMS 
AFR, ARIZBNAe FAPER SUBMITTED TE 11977 NTEC/INOUSTRY CONFER} 
EXCE', (ALSO FUBLISKED AS ATR FORCE HUMAN RESQURCES LABBRATBORY 
REPRET AFRRL}eTR=77"299 JULY, 19770) 


POPES ECE PPT CERES CROSSE SECS ESS SEP eC RPE EET ESTEE SEC EPCS CEP Pe ES 


KRSNe Geyes YSLNGs L AND ALBERYs We HIGH G SIMULATION = THE 
TACTICAL AIRCRAFT SIMULATOR PROBLEMs PROCEEDINGS OF THE 1977 
NTFC/TNCUSTRY CONFERENCE, TECH REPORTS NAVTRAEGUIPCEN IHe294, 
NAVe 150174 19776 


WEP ERPESTERLEP ES ERE SCS EST ESE PSS ASE TERE EERE ASRS 


RIVEPSe He Aey VAN ARSDALL» Re Se 

STMLLATAR COMFARATIVE EVALUATIANe 

TN FRACEECINGS BF THE 1CTR NTEC/INDUSTRY CONFERENCE 
TEC be REPTo The29k,s 

NAVEMRBER 15°17» 19776 


TwEeP EPEC PERE SP CPO CSES ESSE Pe AEE RS EEE EERE EES RARER ESE EET SE 


RAARSFLL» Me ANC VANDGGRENs Je Pe 

TRE bYORIC SIMULATION OF AIRCRAFT MOTIONS IN A PILOTED MEVINGe 
PASE FLIGHT SIMLLATORe 

TECHENESCKE HOEGESCRHIGLs CELFT (NETHERLANDS) 

AVAILABLE NTIS*kC ACS/MF AQ4 


MOREE HEHEHE REHEEHHAEHHHEH HEHE HHEEHHEHEEHHEHHHHHHHHHH HRB 


PERTHQZ, Aes FAVARDs Bes AND YSUNGs Le Re 

FERCEPTIAN SF LINEAR HORIZONTAL SELF*MGTIEN INCUCED BY 
FERIPLERAL VISIABN (LINEARVECTIBN)« 

TN ©RESS IN TRE VBLANAL OF EXPERIMENTAL BRAIN RESEARCHe 
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PTE ETERO TERE EEL EEELEL EAE ERLE ERA RRR RARER RRR RRR RRO 


CRAY PEL,» Ae AND KNEPTONs Ue PREVENTIAN OF MOTION SICKNESS IN 
FLIGHT MANEUVERS, AIDED BY TRANSFER GF ACAPTATI@N EFFECTS ACe 
LIBRE [Th THE LAR@RATORY! TEN C8\SECUTIVE REFERRALS» AVIATe 
SPACE “NVIRBNe MECe 49(7)3944"-919, 19786 


PVRS RPEPTEECESEREREESE ES ESIES ESSE SEES ERC S ESE SAS EEE EERE EER EEE ETE Te 


FEULRDR Ys Mewe TERESKGLDS BF PERCEPTION FOR PERIODIC LINEAR 
MATTARe AVIATe SPACE ENVIRONe MEDe 49(5)3 679e686s 1978¢ 


Tare rer re eee ee eee Eee EER EE ESE RERES ROSE C RESALES ER SSE EEE Ee ee 


EUNDCR Ys, hewe EXPERIMENTS O8N TRE DETECTION BF ROLL MBTIENe 
AVT AT. SPACE ENVIRON©e MECe 49(5)3 657"664s 19786 


Pr EP OPEC ECCLES PEP EC ELSES SSPE RES ECAR PES ES Se CCT EPSPS eee ee ee 


eLNKE Re AeMe ANC Weke LEVISONe RECENT ADVANCES IN MBDELLING 
TeE EFFECTS SF RSLL MATION IN TRE HUMAR OPERATBRe AVIATe SPACE 
EX VIR@N« MEDe 49(1)$ 328"334, 1978+ 


PT CSCC EROS ESSEC SEC ELS ERE EE PSSA EES CEP ESE RSP eee eee 


LACKKER, CeRe ANC Ae GRAYBIELe SBME INFLUENCES OF TOUCH AND 
FREESLRE CLES BN BLUMAN SPATIAL BRIENTATIONe AVIATe SPACE ENVIRe 


Ske MEDe 459(6)5798"°804s 19786 


TPRe SP RRMPE MERE RECE SCE SRST SE PSE AEE EER SSSR RCRA EEE TERE ET 


LAL» CoGeYes FAKRRLEIAs Ves JENKINS» Hotes BALBHs RewWes AND 
YEP, ReCe LINEAR MADEL FOR VISUAL-VESTIBULAR INTERACTIONe 
AVTAT. SPACE ENVIROANe MEDe 49(7)2880"8R85, 197860 


PREP TEROECLEOCCTOCOCCCOCCSISCS SCC LSSE CCC SCOP CC CCT Cee eee eee 


IX & CONSTANT GRAVITOINERTIAL ENVIRONMENTe IN PRESS IN AEROe 
SEACE wnt ENVIRONMENTAL MEDICINES 


TPRE RP REPO RE RREP ESC OSES ESE REP SERRE EP SSE PEPE EEE EERSTE TEE 


SRMSRY, CoCe ANC YOUNGs LeRe INTEGRATIABN BF SEMICIRCULAR CANAL 
AKT ATILITH INFBRMATION FOR MULTISENSORY STIMULIT*® IN PRESS IN 
TRF YALANAL AF MATHEMATICAL BIOSCIENCES. 


COTM Ee EH EHH DR HHEH HEHEHE HHH EERE HH HEHEHE HOHHH HEHEHE EHO D 


ALPE RY, neBes GUM» Ceke AND KRUNe Gedo 

wertyen, ax FARCE CLINKG REGUIREMENTS ANC TECHN]GUES FER ADe 
VAKCREE TACTICAL AIRCRAFT SIMULATIA@N, PRESENTED AT AGARD MEETING 
af FYLSTEC ATRCRAFT ENVIRONMENT SIMULATION TECHNIQUESs BRUSSELS» 
PELETLY, 24°77 APRIL 19766 
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TRuRRRESCTESESESEPCESCESSSLAS EE STEER EEE SEER ERE EER TERRE EERE So 


ALPERYs, wILLIAM Res MCGUIRE, DANKY Ce EMULATION BF AN ADVANCED 
CeSEAT AN THE ADVANCED SIMULATIR FOR PILOT TRAININGe 

AFLKRL eTRe78=4, ACVANCFC SYSTEMS DIVISIBNs» AIR FORCE HUMAN REo 
SALRCES LABSRATARYs WRIGHT@PATTERSAN AIR FORCE BASE, BHI6 45433, 
APRIL 1978+ 


TORE RE RESCSCOSEV ESC CREE SE ESTEE PORE EERSTE RESTS RE RTEEETET 


MAFET, Me SIx CEGREES 6F FREEDGM LARGE MOTION SYSTEM FOR FLIGHT 
STIMLLATARSe FRESENTED AT AGARD FLIGHT MECHANICS PANEL SPECIAL 
TSTS' MEETING AR PILOTEC AIRCRAFT ENVIRANMENT SIMULATION TECHe 
NIGLESs RRUSSELS» BELGILMs APRIL 24=27, 1978 


TORR ERRESCERBELSESCE SERCO ESE SEES EPCS RSE EEE CERES EER RS EPP ASAE EE 


VAN G@BL» MeFeCes INFLUENCE GF MATION WASH*8UT FILTERS ON PILOT 
TRACKING PERF@RMANCE 

NATISNAL AEROSPACE LABBRATARY NLR 

ANTRAKY FOKKERWEG 2 

1059 CM AMSTERDAM 

TRE NETRERLANCS 

FRESER TED AT AGARCO MEETING @N PIL@TED AYRCRAFT ENVIRONMENT SIMUC 
LATIA@N TECKNIGLESs BRUSSELS, BELGIUMs 24"27 APRIL 19786 


PERSE E CECT EOLCESESEE SS CE SS ES EPEC EEE EEE SEER ERE AEE REESE 


KEMMERLINGs FeTes WRes CYNAMIC CKARACTERISTICS OF FLIGHT SIMULA® 
TPR MATIAN SYSTEMSe PREFARED FOR AGARD SPECIALISTS MEETING ON 
CILATED AIRCRAFT ENVIRONMENT SIMULATION TECHNIQUES, BRUSSELS, 
PELGILMs 24°27 APRIL 1978 


TOUR EPEEOESC ESSERE RESESSE ESE LEPC CREE TCS AE EEE ESET ESE EEE RRS SEE TY fF 


KEY, CAVIC Ley SONEALs BILLY Les» AND SINACORI YBHN Be MISSION 
-ENVIRBNMENT SIMULATION FOR ARMY RATARCRAFT DEVELSPMENT*REQUIREe 
MERTS AND CAPABILITIESe AERAMECKANICS LABORATORY» UeSe ARMY 
AVITATISK R&D COMMAND» AMES RESEARCH CENTERs MOFFETT FIELD» CAe 
FOE SENTEC AT AGARCD FLIGKT MECHANICS PANEL SPECIALISTS! MEETING 
PR FILSTEC AIRCRAFT ENVIRONMENT SIMULATIAN TECHNIQUESs BRUSSELS, 
PELGIUMs APRIL 24eE7s 19786 


TOUS ERPEPC RECERCAT EPEC ELSE ESE EPEC AREER SEE EERE TT 


MATTE AS, NeBe ANC MARTINe CoAes CRANFIELD INSTITUTE OF TECH= 
NOALGGYs CRANFIELCs BEDFORD. 

TRE NEVELOFMERT AKC EVALUATION 9F A 'G! SEAT FOR A HIGH PERFOARe 
PMARCE MILITARY AJTRCRAFT TRAINING SIMULATE6Re 

FRFSEKTED AT AGARC MEETING @N PILOATED ATRCRAFT ENVIRGNMENT SIMUC 
LATIAR TECKNIGLES, BRUSSELS, BELGIUMs 24027 APRIL 1978+ 


POW RP UPEPUTEREER ERS EPC SESIEC ES ELE PESTER TEESE SERRE RAE RRR RRR EET ES SE 
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va PE MNESDICKs GeAede N@NeGALSSTAN STRUCTURE SF THE SIMULATED 
TURRLEIAT ENVIRANMEART IN PILOTEC FLIGHT SIMULATIEN 

CELLET UXNTVERSITY OF TECFNOLOGY 

PEO ARTMENT SF AERBSPACE ENGINEERING MEMARANDUM M*304 PRESENTED 
AT The AGARD/FMP SPECIALISTS MEETING ON: 'PILGTED AIRCRAFT ENe 
VIFANMENT SIMLLATI6N TECRNIQUES's 24°27 APRIL 1978, 

PRI SSELS, RELCILM 


Pn were tet  £errrereEerereeSeeEPrescRSESeeceeCeeCcCeeCeESecee eee se 


V@CL a» te "DIFFERENCES EE TWEEN SIMULATION AND REAL WORLD AT THE 
TART wih. TH AIR COMBAT SIMULATOR WITH A WIDE ANGLE VISUAU SYS 
TEM. PRESENTEC AT AGARD FLIGHT MECHANICS PANEL SPECIALISTS! 
MEETING FN PILOTEC AIRCRAFT ENVIRONMENT SIMULATION TECHNIGNES,, 
PRI SSELS,y SELGILMs APRIL 24=279 19786 


ee eee te ee eee Pe SSR SEER ESOS RSE PSP OSPR RSE COSC RS EEE TEEPE eT 


WARMER oe Cee ANC ke WILLIAMS ENVIRONMENTAL REQUIREMENTS FOR SIMUe 
LATED FELICAOPTER/VTAL SFERATI8NS FREM SMALL SKIPS AND CARRIERS 
REFeRT?: TM 7@ez Rh RUTARY WING AIRCRAFT TEST DIRECTORATE 

NAVAL ATE TEST CENTER 

EATLXENTT RIVER» MARYLANCs 12 APRIL 1978 


ee te Te eee PPC RRR PC ERE RE REP SCRAPE ESC PRR STEEP 


WAUNG, LeRe VISLALLY INDUCED MBTIAN IN FLIGHT SIMULATIONe Phe 
FEE PRESENTEC AT AGARD MEETING 8N FLIGHT SIMULATI@N, BRUSSELS,, 
APRIL 1978e 


Pe fae eee ee ee PPP PRE ESE RT CSAS ESET 


LEVISPN, WeHe AND YUNKERs AeMe USF OF THE TILT CUE IN A SIMUe 
LATED FEACING TRACKING TASK. PRESENTED AT THE FOURTEENTH ANNUAL 
CANFFERENGE @N MANLAL CONTROL», UNIVERSITY BF SOALTHERN CALIFERNI AS 
LAS ANGELES» CALIFORNIA», MAY 25°27, 19786 


Pee rt dt Te eee PREP ES ER ERE REPEC R SET CeO ee ak me 


MUPER Ys WILLIAM Kes HUNTERs ERICK De GeSEAT COMPENENT DEVELBP 
MENT eo AFRRLSTR-78"136¢ ADVANCED SYSTEMS DIVISION» AIR FORCE 
hUMAN “ESBLRCES LABGRATORYs WRIGHKT@PATTERSON AIR FORCE BASE, 
ARI 4 ug3» cLNE 19786 


OT es ee ee Pe PRR RRR EES OR EET Te 


TRICH, Pees ITT» AND PUCKLANO» Gete ‘EFFECTS @F PLATFURM MEin 

TYAN, VIGLAL AKC GeSEAT FACTORS UPON EXPERIENCED PILOT PERFERMe 
ANCE JN TRE FLIGHT SIMULATOR's AFHRL=TRe78e9e WILLIAMS AFBs AZ? 
FUYING THAINING DIVISI@6Ns ATR FARCE HUMAN RESOURCES LABBRATERY,, 
eUNE 1972 


Pe tee aa oa Eh Lat thedinaiedietn thal Tole thet tnethethathetetstheth sh catietieth A KoA tk eT tte tothedeth Ratetieliatneth tnatieitiaitiet th Det. tothe shail 
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MARTINe EelLe ANC WAAGs Wele CONTRIBUTIONS BF PLATFORM METIBN T86 
SIMLLATAR TRAINING EFFECTIVENESS! STUCY I = BASIC COANTACTe 
AFKRLeTRe78°1656 WILLIAMS AFBse AZ$ FLYING TRAINING DIVISIBN, 
4]R FeRCF KUMAN RESOURCES LABARATQ@RYs YUN 1978. 


TORU EP EP TE RES PREPRESS SECS ECE SSO SESE ESIC EERE REET 


Gele RICARCe MeLe CYRUSs CAPTAIN DeCe COXs TeKe TEMPLETONs LeCo 
THIMESAR 

COMEEASATISN FAR TRANSPORT DELAYS PROOLCED BY COMPUTER IMAGE 
GEER ATIAN SYSTEMSs NAVAL TRAINING EGUIPMENT CENTER», ORLANDO, FL 
ANT FLYIAG TRAINING DIVes AFHRL» WILLIAMS AFB, ARIZONA» NAVTRA® 
FRLUIFCEN Tk=?97/AFRRLeTRe78=46s JUN 19786 


TOWER PEPE OTSECESECEEPESSCESRESSCE RISE REET ESET ESET ETRE ETRE EERE AEE SY 


SEAWALTERs Tene AND MILLER» Rede GeSEAT SYSTEM STEP INPUT AND 
SINLSAIDAL RESPONSE CHARACTERISTICSe NASA AMES RESEARCH CENTER, 
MRFEETT FIELC, CALIFA@RNIA* NASA TM=78478s JUNE 19786 


WERE EPEP OC CECE PETERS CCE ESET e CASE ES SAT EPCS EEE RSS SEA EE 


CYFLS, Mele WOTIBN SYSTEMS RBLE IN FLIGHT SIMULATORS 
FAS FLYING TRAINING 

FUMANK RESBLRCES LABARATORY (AFSC) 

FLYING TRAINING CIVISION 

WILLIAMS AFBs AZ» ALGe 19786 

REFRRTS AFHRL<TRe7R@39 


TOUR RPVECTELCIOCRE CECE SESE CES ESSEC AEE EE ERTS ETS ETA ERA DD] 
TRISH, PoAos [1]o & BROwNs JeEs SUBJECTIVE MOTION DISCRIMINAe 
TIPN [Nh TRE STIMLLATBR FAR ALReTASAIR CAMBATs AFRRLeTR=78"26- 


WILLIAMS AFBe AZ$ FLYING TRAINING OIVISTONs AIR FARCE HUMAN 
FFSALRCES LARGRATAFYs ALGUST 19786 
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ADAMS, JeAes BRIGGS, GeEos FLEXMAN, ReoEos MATHENY, WeGe AND 

cal qhaRC, wef, UCBFTT AS A RESEARCH VeHICLeE FER THe STUDY OF 
Fr-elrrTy @F SIMLLATION. CALUMBLS, GHIA; The LABORATORY OF 
ayTATI]IN FSYCRALAGY, BSL, FOR THE NAVAL TRAINING OeviCe CENTER, 


FeSy wASHINGTAK, NEW YORKs 19626 


* ABSTRACT * 
TRE FLREASE SF TRIS REPSkT 1S TS SUGGEST Bx" RIMENTAL 
APERAAChkeS Tray CBULD POINT THe WAY T8 APPLICATIONS BF LOOF rT 
wkcRe TaS OR MARE PILOTS WHULD Be TRAINED AT Tre SAME TIME, 
weTLe FALR WAYS TO DS THIS HAVE BeeEN SUGGESTED, ONLY THRee ARE 
ReLE YAM 18 LCAFTT AND ARE R COMMERDED FAR STUDY: REDUCING 
CS”FLUyaTION Rate, SIMPLIF ING FLIGHT EGUATI@NS, AND USING FEWER 
PRea~kK CAINTS IN The TABLEC FUNCTIANS, Tee EXISTING LITERATURE 
aN 7RaNSFeR SF TRATNING CONzAINS ONLY SKETCHY [NFORMa~TION GN 
he’ agrenCaTION BF UDOF yy STIMULATION IN THeSe THRee WAYS WILL 
AFFeCy IeS TRAINING VAELE » AND AN eXEER TE NrAL PROGRAM OF 
TPATNING RESEARCH ON COGFTT ITSELF APPr ARS NECESSARY, A 
cLCCessFLL OL7CAMe BF SLCH ¢xPERIMENTS MAY VERY WeLL LEAD TO 
The, FALF, OR ¢yeX ae FLIGHT SIMULATERS ESSENTIALLY FOR The 
Briée oF @\c, ANG Tee SIGNIFICANCE 6F THIS FOR the ECONOMICS OF 
MyLr7aRY FLIGky TRAINING CANNOT Be UNDERESTIMATED, 


PWREUPEPPTECEOEOECEOCSTOCSCOCOCSS CESSES ROPES CELE PEE ESE SS EERE EAR ASE 


aCAMS, Cove ANC CREAMER, L.R. FROPRIGCEPTION VARIABLES aS DEe 
TEAMINERS BF ANTICIPATORY TIMING geHAVISR, 1hUMAN FACTORS?, 


VPLe 4e 4 AUG 496&e» 217222650 


* ABSTRACT «# 
ANTICIPATORY TIMING, WHERE yHE RUMAN 6PPRATOR INITIATES AN 
ACTLFEaTe ReSF8NSe PeFORE The ACTLAL OCCURRENCE OF The 
ENVIRANWENTAL pyre NT, IS 6NeE GF The MOST STRIKING AND LEAST 
SyplCteo aSPeCrS AF SkILL_eC Mi7IR PERFORMANCE, AN EXPERIMENT 
wpt PeRFPRMEC SN TeMPARAL AND CSATRAL SYSTEM VARIABLES THAT 
CALLD TNFLLENCeE Tee TIMING OF RESPANSES IN A TRACKING TASKe 
VETIETCATION waS SPUGET FER A PRAPRIGCEFTIVE TRACE HYPOTHESIS 
THAT FFLOS The TIMEeVAFYING PRUPRIPCEPTIVE AFTER@EFFECTS OF 
MAVEMCATS TO BE TRE INTERNAL TRACE THAT PERSISTS IN TIME AND 
FLeS Tke SCCURRENCE GF aA FUTLRE RespONse~, NINETY*SIX SUEYECTS 
FaSTICIPATED. ac x @x @ RANCAMITZEO FACTORIAL DESIGN USED 
Tw yALleS OF MByEMENT AMPLITUCE, SPRING LOADING, AND SIGNAL 
RLFATIAN AS A MeANS BF MANIPULATING PRAPRIGCEPTIVE STIMULI AND 
TREIR TIME TRACE, FESULTS SUPPORTED Tre HYPATHESIS, SIGNAL 
TUS py EN AND SFRING LOACING 9F The CONTROL INOUCED SIGNIFICANT 
rEEeCrS FOR The NUMBER BF BENEFICIAL ANTICIPATIGNS, BUT 
MAVeMeERT AMPLITLCE FAD NO SIGNIFICANT cFFECT. IT WAS CONCLUDED 
tkay PFEGFRIACEPyION HAS A ROLE IN RESPANSE TIMING, IN ADDITION 
TP T71S TRACITISNAL ANE GF INFORMATION FEEDBACK. 


aetaeanenetenna TORU RC TSEC SESESCSS ECCS ETE RATT RAL DO 
» 
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ANAMRS, Csue CYMARTIC REGUIPFEMEKTS FAR SYJMULATAR SERVO DRIVE 
MECRrONISMS» ATAA PAPER NOe 7O"35Sy 'ALAA VISUAL AND MOTION SIMeo 
LLATIAN TECHNALAGY CONFERENCE t's CAPE CAKAVERALs FLORIDAs MARCH 
16°12, 197Le 


* ABSTRACT *# 
ANALYTICAL ANC -XPERIMENTAL INVESTIGATI6NS HAVE BEEN MADE OF 
Ter Mantalk CASKTRAL PROBLEM IK WRICH THe DYNAMICS @6F THE VEHICLE 
ARF REPRACLCEC SX A CAMPLTER, ANC THE SYSTEM @LTPLTS ARE 
FEESEATED TO Tre SLBYVECT BY MEANS AF Tre SIMULATOR DISPLAY 
MECH ANISMe TRE ANALYTICAL INVESTIGATIABNXN WAS MADE USING MODELS 
SF FLYAN RESFENGSE. SYSTEM STABILITY FAR SINGLE*LOA6P SYSTEMS 
wat CETEQMINEC WITE A WICE RANGE BF SIMULATOR CYNAMICS, AND IT 
IS SKAKK TRAT TRE SIMLLATAR FREGUENCY SHOULD BE FIGHER THAN 20 
RaCTAnNS PER SECANC. FROM THE EXPERIMENTAL TESTS» AGREEMENT IS 
SKAKN REGARDING TRE SIMLLATOP CYNAMICS THAT CAUSE NEUTRAL 
SYStew STAPILITY. SIMILAR STUDIES HAVE ALSO BEEN MADE IN A 
PLLTTLESP SYSTEM, Tre LUNAR LANDING CONTROL TASK, WHERE THE 
FFF EC] OF The CYNaMIC RESPONSE BF THE BUTER*LOBP SIMULATOR 
CRIVE “ECRANTSY (TRANSLATIAN OR] VE MECKANJSM) WAS STUDIED, THE 
AGREEMENT GETWEFN ANALYTIC AND EXPERIMENTAL RESULTS IS ShOwh, 


TE REE CELESOLE LEEPER RISER RCE ESTERASE SESE EERE REESE PARLE EEE ES 


aCaMS, oyee ANC BERGERON, HP, MeasbReO vaRTaTIONs IN ThE 
TRANSFER FUNCTION AF A FUMAN PILOT, NASA LANGLEY RESEARCH CEN. 
TER, RAMPTON, vA, PRESENTED AT The tAILAA/ASD (AFSC) VEHICLE Deo 
©]GR ~NC FROFLLSTOS MEETING:, CAYTAN, BRIG, NA@VEMBER 496419630 


* ABSTRACT *# 

A MceTROC FAR CeteRMINING The TRANSFER FUNCTIBN BF A HUMAN 
FILA, as Fe SPeRates BN a CLOSED-LAAP CONTROL SYSTEM HAS BEEN 
Revise aC Uset yh SINGkeeaxIS COMPENSATORY TRACKING TASK AND 
TrPeAxIS TASKS BOTH aT AND wITh@UT MOyEMENT, THE TRANSFER 
FUNC TIONS weRE tReN Usel aNalYTICaLLY 79 6BrarN CLOse0.Le6 
CHARACTEFISTICS, 


Tre PEP EPLERESELESOEREERERRERERE SCE RSE PERE E EERE EE EEE RRR 


ADAMS, oyu. ANC PERGERUN, HP, MEASURED VARIATIONS IN ThE 
TRANSFER FUNCTION CF a RUMAN PILO67, 'YOURNAL BF AIRCRAFT), 
VAL Ty wes MARCk = APRIL 19640 


* ABSTRACT * 
aA Meteo FOR CegteRMINING THe TRANSFER FUNCTION BF A HUMAN 
FLAT ans Re OPERATES EN a CLASEC.LEBP CANTROBL SYSTEM HAS BEEN 
MevrSeO ant Leet yh SINGLE waAXIS CAMPENSATORY TRACKING TASKS AND 
THILAXTS TASKS BATh wWITh AND WIThBUT CECKPIT MOVEMENT. THE 
TRANSFER FUNCTIABNS wee ThEN USEC ANALYTICALLY 76 OBTAIN 
CLASECALAPOP CraRaCTERISTICS, 
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#aALSA PRESENTED AT THE AIAAsASO (AFSC) VEHICLE DESIGN AND 
FRAELLSTION MEETING, DAYTON, OMe NOV 4e6s 19630 


TPR RUPE TCOU RES ESPERO ESC SEE SEE SE RESPSE ALAC E SALES ESAS ESE ERE RESET SLE EEE ET TT 


ACAMS, CeSe 'S9ME CONSIDERATIUNS IN TrkE DESIGN AND USE 6F DYe 
NAMIC FLIGHT SIMULATSRS't. AIR FARCE PERSONNEL AND TRAINING REo 
SEARCR CENTER, LACKLAND AIR FARCE RASE, TEXASe RESEARCK REPORT 
AFRTEC#TN257°51 MARCHs 19576 


* ABSTRACT # 
TEF ELRPSSE BF TKIS REPART 3S TB SPECIFY A PHILOSOPHY FOR 
FLIGHTeSIMULAT@R CESIGN ANC UTILIZATION, PARTICULARLY IN 
REFEREKCE T@ CURRENT ANC FUTURE MANNED AIR WEAPOANSe IN 
wePL Ee TASK SIMULATERS AN EXPLICIT ATTEMPT IS MADE TO PREVIDE 
CAMFReERENSIVE SIMULATION FSR MISSTA8N TRAINING. IN PART#TASK 
ST*LLATORS THe SIMULATION IS EXPLICITLY LIMITED TA a CRUCTAL, 
CrFFICLLy FPORTIAN BF THe TATAL VOB. DEFINING PRINCIPLES ARE 
NeeCet Te GLICe Tee DESIGN AND USE BF BETH TYPES OF SIMULATERS 
IN TRAINING ANC FRAFICIENCY MEASUREMENT, 


CERTAIN PRESENT CaY, WHOLESTASK AND PARTeTASK SIMULATORS ARE 
TyAMTNEC IN RELATION TO STATED PROFICIENCY MEASUREMENT AND 
TRAINING CRITERIA, IN ADC TION, The LETERATURE SN TRANSFER 

© TRAINING IS SURVEYED AND RELATED TA FIDELITY eOF -SIMULATION, 


TEF CANCLUSIABNS CRAWN WERES 


te TRE MACAR SHORTCOMING SF WHOLE TASK SIMULATORS IS THAT 
They CH NOT SIMLLATE ENBLUGH BF THE AIRCREW YOB=COMPLEX. 

ze AN ANALYSIS OF CERTAIN PART@TASK SIMULATORS NOW IN USE 
TNETCATES THAT A FRINCIFLE PROBLEM IS HOW MUCH TO SIMULATE , 
S@™e FReceht CaAY PARTeTASK SIMULATORS SUCESSFULLY ABSTRACT 
FRSW the WhOLe TASK, OTRERS ReESLLT IN 7¢RO6 GR NEGATIVE TRANSFER 
TE The GPESATISNAL TASKS. 


se CERTAIN CIMENSIONS 6F FLIGHT SIMULATORS CAN BE 
EvSte MATICALLY CeGRaDel FBR TRAINING PURPOSES WITHBUT REDUCING 
TRE AMSUNT OF PasITIVE TRANSFE’. WHENEVER AIRCREW JUDGEMENT 6R 
ACTIS6N IS @ASeC BAK PRECISE yALue ss GReat CARE SHOULD BE 
eyeRCISeC IN ETrULATI G TeeSe GUALITIES, 


ye CONTREL FEEL CAN DEVIATE FROM AIRCRAFT VALVES 
aT TRALT aPFECTING TRANSFER BUT SLCH VARIATIONS DISTURB The 
MAMERTARY PERFORMANCE LEVEL eF TRE CREW MEMBER BEING EVALUATED, 
CANSEGLENTLY, A FLIGHT SIMULATIR DESIGNED TO MAXIMIZE TRANSFER 
MAY NBT NECESSARILY BE SATISFACTSRY FOR PROFICIENCY MEASUREMENT 


PwRPE PO PPECTOCOCUPCECOCC COC OSS S COC ESET EES EEE ESE RSE CEASA RSA ED 
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AGIN»s Lewes MARCLMs SeGey DAUGHERTY, Feues FERRELL, MeBe AND 
TRAGER, FeNe AIRSICKNESS AND RELATED PSYCHESOMATIC COMPLAINTS. 
"ATR SURGEON'S PULLETIN's 232354 19756 


* ABSTRACT * 
aTESTCKAE SS, A TYFE SF MOETI@N SICKNESS WHICH AFFLICTS SOME MEN 
mhON TREY FLY, JTS OF THREE TYPES: (1) AIRSICKNESS CAUSED BY 
APPRERENSISN IN FARLY TRAINING; (2) CRRENIC AIRSICKNESS 
ATTRIAL TCO TA KYPERSENSITIVITY BF ERGAKS IN ThE INTERNAL EAR; 
(2) CaSeS OCCLRRING AFTER A PERIOD OF ABRMAL FLYING SUCH AS 
THRACE CAUSED BY ILLNESS, CHANGE 68F PLANE TYPE 8R FLIGHT STATION 
AP ~ RELROSIS ARISING FREM LASS BF INTEREST IN FLYINGe 


THIS 1S A RECBRC BF AN EXPERIMENT CANDUCTED BECAUSE THE BAS 
FLIGHy7 SURGEBN BeCaMe ACUTELY AhARr OF a RISING INC]DENCE oF 
ATREICKNESS AMANG Peay COMBAT CREWS WITh RESULTANT GROUNDING 
ant Lasse OF FLYING FERS6NNEL. 


Tee ReSlLLTS INCyCate THAT a NUMeeR FF FaCTERS CONTRIBUTE TE THe 
PREBLE}, PRECISFOSITIINAL FACTARS JN FaMILY a~hKD PERSONAL 
KISTeRY CONTR BLTe TE eee es eT ANC THUS 76 The 
FoY¥ChysevaTIC CySTURRANCeS BF ATRSTCKNESS, INTENSI ve SCHEDULES 
aF FLY;NG, GRALAC SCRKBGL AND oTFER TRAINING WRICH GN OCCASION 
MaKe FAR 14-15 FALRS PER Cay aGGRavaTe THE TENCENCY TOWARD 
ATPSTCKAESS. FarLlRe T8 Cea~l PROMPTLY WITH AIRSICKNESS AND 
Relate s@MayyC COMPLAINTS JN GUNNERY SCK66L a~COS 76 THe COSry 
PN we KEY, TIME ANC MAN FOWER BF TRAINING COMBAT CREWS, 


eee ee PeeR PESO CCCP ECC ECE SC OS OSE STEP Pe CERES ASR CE RAPP PSSST 


area Shak, RC, Lew abtiy7b0eE, HIGHASPEED HANDLING anND RIDING 
clLaliItiteS. talyISORyY GRoUp FAR pap RANAUTICAL RESEARCH AND Op. 
velAPreh tt, NORTH ATLANTIC TREATY ORGANIZATION, PARIS, FRANCE, 
REPPRT 443, AFRIL 1963» 44 PP, AC 431 320 


* ABSTRACT # 
ter Resklk rs 6F CavMByNeC FLyGrr g~NO GRAUND UAE. DYNaMyC 
FLrGky cyMbba ak STLbY F tHe MaNDL1NG AND RIDING GlalyTi¢S 
PRABL Is ASSOC pare? WITr Lowlaltr7lUDe, KIGHsSPEEO FLIGHT aRe 
PReeeh pe IN TRIS PaAPeEP, wIOe VARTATIGNS OF TRE LONGI TUCINAL 
Spakrotpy aNC CAK7PAL CraRaCrekIStIcS, wHICh CaN Be CONSIDERED 
RePReSeNTATIVE AF CURRENT AND FUTURE STRIKE AIRCRAFT, WERE 
PILOT ¢vaALLATED, Tre INFLUgNCE 6F THESE STABILITY AND CONTROL 
ChARACTERISTICS, aS wWeLL AS THE EFFECTS PF LOW ALTITUDE 
TURBLLCNCE BN Tee PILOTS TERRAIN FOLLOWING PERFORMANCE, WeRe 
Meaclhe 0, Tee RESULTS BF THIS COMPREHENSIVE INVESTIGATION WERE 
PRESENTE IN TERMS BF TS6ePERFARMANCE PAUNDARIES CEFINING The 
ReSpeel aN® ReGlrRel CAMBINaTIONS BF STABILITY AND CONTREL 
Fak ame res Fak LOWeALTITUCE, HIGkeSPEEC FLIGHT. THESE 
aCCpeyatCe dOLNCARIES ARE SIGNIFICANTLy DIFFERENT FROM The 
SYSteh CHARACTERISTICS, WHICH TEND 78 BECOME UNSTABLE WHEN 
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CalelLet kITH Thee PILOTS! ResPaNSe (yee, Pibetr INDLCED 
esCyLLaty8NS), FAVE BEEN CEFINEC. 


PVP ESESCOREO SESS SC OCCC EL ESE ES SSPE CREST CELE eee CP ee eee ee eee eee Ss 2) 


AtRARRAR, Sele 

FLIGHT SIMLLATIAN, PAST, PRESENT ANDO FUTUREe 
ATAA SECANC ANALAL MEETING AIAA PAPER €5*480, 
CaN FRANCISCHs, CAs VYULY 26"294 19656 


* ABSTRACT *# 
TRIS PAFER PRESENTS AN BVERVIEY BF FLIGHT SIMULATIAN AS USED IN 
SLFFSRT AF TACAY'S aFRASPACE RESFARCH aND DeveL@PMENT PREGRaMs, 
Thr cURREhy ceACTICES IN APPLICATION OF SIMULATION Ut Sa 
ts teRMS BF COMFL7ER SUFFER, VISUAL DISPLAY yEeChNIGUES, ANC 
MarysAN FROVISZONS aRe INCICate?, PICTARIAL CBE AGE IS 
cy*lLLaryah FaCiLitig¢s TRROBUGHBLT GeRMahy, THe UNITED KINGDOM, 
ANT tee UNITEC STATES. (AUTHOR) 


TORU MPR SCERRE SEES ESCSES CEASE SC EPCS AEE ERS SEE SET SET ER SEPP STEP TS 


Arr aSRak, &,C, ~aNC SCKLLZE, RP. AN INVESTIGATION GF LEWeALTI. 
yUCe, RIGk SFeel FLYING AND RISING OVALITIES OF AIRCRAFT. 'NORTH 
aMCRICAN AVIATIBN, INCet, CBLUYRUS DIVISION, CBLUMBLS, OHIO, 
RECRRT NAGZH=397-FEBe 19636 


* ABSTRACT # 
be OR s 8 AMBINED FLIGHT _PRAGRaAM a~ND GROUND.BASED 
ti ge Ge Flicks Pier): scuny OFT THe PANDLING AND RIDING 
GLALITIES PREBLEMS ASSOCIATED WITH LOWLALTITUDE, HIGHSPEED 
FLIGHT ARE PReSeXteC, wWICe vARIATIONS SF LONGITUDINAL 
STABILITY ANC CANFREL CRARACTERISTICS weRe PILOTeEVALUATED AND 
FILAT PERFORMANCE WAS MeaSURED FOR A TERRAIN FOLLOWING TASK 
FLAwN AT YARYISG LevyelS BF a~TMBSPRHERIC TURBULENCE. PILOT 
TEP SIETATEN MAPEIAGS BF LONGITUCINAL STATIC AND DYNAMIC 
STABILITY FOR VARJPLS CONTROL SYSTEMS ARE CHOSEN, WITH REGIONS 
exh rAyTYAG PILAT FAOUCEC SSCILLATION (P16) TENCENCIES DENOTED, 
FYTL@T TALERANCE TO GUSTeINDUCED ACCELERATION JS ESTABLISHED 
ALIKG wITR Tre JNFLLENCE OF STABILITY, CONTROL AND TURBULENCE 
PR EILAT PERFRRMAKCE, (AUTHBR ) 


Seen ERER PHD PRS S ESSER ST ESAS EE SAT SET RRC PRPC eh 


ay ASISTER ET AL =o IMPROVEMENTS IN OR RELATING TS GROUND -BASED 
FLIGHy SYMLLATING APPAR ATLS 
CATEST ASe 1e224eS5C8 (GREAT BRITAIN) 


FILED GAN 275 16€5 GRANTED MARe 10% 1971 
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TORR RPRPUPC RPS EC ERE CEE SE REPS RPP ACER RAP CCR 


ALPERY, wetes GLMy CoRes KUNTER*s EoDe 

FLTLRE THENDS AKO PLANS IN MOTION ANC FARCE SIMULATION DEVELEP. 
MENT TK TRE ATR FARCE, USAF HUMAN RESSURCES LABBRATORY, WRIGHT 
FATTERSAN AFP, ARKIG IN tATAA VISLAL ANC MOTIEN SIMULATIBN CONae 

FEPENCE', CAYTAN, AKIOs APRIL 26"28 1976 


* ABSTRACT * 
If TeETS PAFER Tre ATR FokCe's FUTURE TRENDS AND PLANS IN MBTION 
ASD FRECe SIMLLATION CEVELSPMENT ARE PRESENTED>* A THREE =FOLD 
APFRS ACK TH TrE PREPLEM GF PROVICING ANSWERS TE SIMULATION 
RECLIRE MENTS FtR Tre AIR FARCE NOW AND IN THE FUTURE IS 
Ry]eClLesehe The FIRST AFPRAACK IS TB TAKE A LOOK AT THE HUMAN 
ARP th CeTeERMINE aN CESCRIBE KIS MBTIAN AND FORCE SENSORY 
MeECRKAKITSMSs EARLIER WORK IN SENSARY MECHANISM MODELING JIS 
FEESERTERS A NEW EFFORT, BASED BN AN BPTIMAL PROCESSOR MODEL 
FAR PekCePTIAN aNC CONTROL tS CISCUsSEC, THE SECBND APPKBGACH, 
AN APYyANCEC DevelePreENT FRAGRA™, WHICH ;JNCLUCES The LESIGN OF a 
SeECAREG GENERATION GeCUFING SEAT CeviICe, IS SUMMARIZED. THE 
THIRD APERG ACR, EXPLORATORY DEVELSPMENT, IS OUTLINED AND JHE 
ATR FEREG 1S ENGINEERING EXPERIMENTATION ON CURRENT GeSEAT, 
MATTIAK SYSTEMS, ANC COMFENENTS AS Well aS JEINT AIR FORCE/NASA 
MATTARK STLCOIES ARE PRESENTED. 


PRE REC COCO SESECEOCC ESCO A SERS Cee RPC ee oe 


ALPERY. Welles GLM, DeRe AND KREN» Gave 

MaTrAR att FARCE CLUING REGUIREVENTS ANC TECHNIGUES FBR ADe 
yvASCeC yaCTICAL AIRCRAFT SIMULATIE6N Papee Tee AT AGARD M ETING 
AK, efLorcl AIRCRAFT ENVIRONMENT sqMULAaT{e TECHNIQUES, BR SELS, 


PELGIUMs 24°27 APRIL 19788 


* ABSTRACT * 
#Rr aPERAACH Be ING PURSUED BY Tre U.S, AIR FORCE 19 ADVANCE MOy 
#fAK ghC FARCE CULNG Terese oes FeRk taCTICaL aIR FLIGHT SIMULA. 
TAPE 36 rhOFBLC. Tre FyRST PaRT INCLUCES EFFORTS Dy RECTED 
Fhe aROs PLILE ENG pp CATA BaSe BN WHICH 768 BASE MOTIEN 
AKT Fare CUIAG ReGUIREMENTS, The SECOND PART INCLUDES 
eFFASss TO IMFRAVE The FERFARMANCE GF EXISTING DEVICES THAT HAVE 
PeeN SKRUN TS Be SOMEWHAT EFFECTIVE ANC TE DeveLOP NEW DEVICES 
ANE FECRNIGUES aS INDICATED BY The DATA BaSe ¢FFORTS, THE DATA 
Pace Cr ve bIPMER 7 I! VOLVES LOAKING aT Tee PILOT whe RECEIVES MOe 
TEON ASC FARCE Cues AND Tee AIRCRAFT AND ENVIRONMENT WHICH 
tMEaky TRE “ATIBN ANC FARCE ClES. MODELS OF KLMAN METION AND 
FARCE SEeNSARY MeCrANISMS (veSTIBLLAR, TACTILE, VISUAL, AND 
RANyesTIRLLAR PRAPRIACEFTIVE) CPESCRIBING MEW MBTION IS PERCE vED 
FAVE Pees CevelgF_eD AND Tee MATION AND FORCE ENVIRBNMENT FOR 
FaCFICAL AIRCRAFT PERFORMING VARI6US MANEUVERS IS BEING CHARACs 
ree izeee THE RESULTS 8F THeSe EFFARTS ARE BEING LSED TO DEFINE 
PAFTAK Ake FORCE CUYING REGUIREM ENTS ANC Nee foes FOR NeW DeyICeS 
FA TRE ART THe NECESSARY CLES, CUING OpvICe DeveELGPrENT EFFORTS 
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TACLLEE TRE CeveLePMENT OF TRE NEXT GENERATION GeCUING (GeSEAT, 
CeSlLty, aNC BLFFET) SYSTEM wiITh IMPROVED RESPANSE AND ONSET 
CLING CAPAPILITYs TECHNIGUES FER MYBELECTRIC CONTROL BF VISUAL 
STYLLATIAN SYSTEM BRIGHTNESS ANC FIELDeSFeVIEW AS A FUNCTI6N OF 
TEE GeFERPCE FEAVIRONMENT AND PILOT PHYSICAL ACTON AND OgSIGNS 
FOR cysteMS SLCk aS ARM, THyGH, AND He aD LEADING CeyICeS TO PRE. 
vive Fak SIMLLATIGN BF TRE EXTREMELY HIGHeG FLIGHT ENVIRGNMENTe 


AMM HHH HH HEA HHH HHH HEHEHE HHH HEHEHE 


ALPeRY, KILLIAM Pe, KUNTER, ERICK D, GeSEAT COMPONENT DEVELGP. 
MENT, AFRRLeTRe7ge Be ACVANCED SYSTEMS IVISION, AIR FORCE 
BLY A *e5O6URCES saa ATORY, WRIGEr PATTERSON AIR 6RCE BASE, 


PRIP 454332 CLNE 19788 


* ABSTRACT * 
AN EFFeBRT “AS CANDLCTED TO INVESTIGATE THE aHPReNee PERF gRMaNCe 
RF , ClegelsLeGF GeaSEAT sYste THe AIR FORCE A~NO Nay oH CUR, 
ReNyLy USING GeSeaTS IN SeveRal TRaINING aNO FIGRTER SIMULATORS, 
teeSe CeyiICeS ake ALL 5F¢— ~L96P SySteMS aNO exKIBIT exCeSSl ve 
1" ¢ CelaYs, weile TTP CE SeaTS eExhIely GAED SUSTAINED CUEING 
CaFAPILITY, TeeIR FeRFORMANCe IS MARGINAL IN PRAOUCTNG ByERaLe 
aCTeLe RATION CleS, BeCALSE BF SLUGGISH RESPONSE ChaRaCTERISTICS, 
VIFTLALLY N@Ke BF The SeaTS CaN Give APPROPRI ate ACCeLERATIEN 
en Ser Cues are Be IN SYNCHRONIZATION WITH CURRENT vISUAL SYS. 
TevS, CONVENTIONAL GeSEAT CAMPSNENTS WERE SBTAINED AS WELL AS 
aC VaSCecl, FOSyTrO8N FeeDBaCk Metal BeLLens, AND a CLOSED=LAOP 
EXeLM,rre COR 7RAL ea WAS Be SIGNeD AND Devel OPeD, THE @PeN, 
aS’ CLAgeCLABP FERFORMa~NCe GF ThIS SYSTEM WAS EVALUATE ANS THE 
CONTR IAUTIAN BF FACk COMPONENT IK THE cg tell PARDWAR WAS ANAg 
LY7¢C, TRANSFER FUNCTIONS weRe DeyeLOPeD FER THe PNEUMATIC 
CANTFRL SYSTEP, 


LTTE eer eet rere rer ee eT eC See Ee Pe PPP Pe Ce Pee ee TEC CTP eee eee 


Ses 
neSEAT Bh THE ACYANCED SIMULATIR FAR PILOT TRAINING. 
AFKRLeTRe7R=4~4 ACVANCEC SYSTEMS DIVISIAN, AIR FORCE HUMAN REo 
SALRCES LABBRATBRY, wRIGHTePATTERSAN AIR FORCE BASE, GHIB 45433, 


AFSIL 1978-+ 


AL°e RY, wILLIAM Fy, MCGLIRE, DANNY Co EMULATION BF AN ACYANCED 


* ABSTRACT * 
AN IN heUSE EFFORT WAS INITIATED TO INvESTIGATE SIMPLE GeSEAT 
kaRCwate CONFIGLRATIGNS FOR THE PURPOSE OF LEyELOPING A LOW.COST 
AFERA aCe TA GSCLING SIMLLATIGN IN FLIGRT TRAINERS. THE GeSEAT IS 
A “@rTAN AND FARCE SIMULATION CeVvICe WRICH REPLACES THE AIRCRAFT 
Seay IN a FLYING FRAINING SITMULATOR; BY VIRTLE BF ITS GEBMETRY 
AKT S@F TARE CRive, IT IMPARTS TACTILE CUES TA THE SEATED PILAT 
yR TCR Age GEPRESENTATIVE EF THE SEAT FORCES NORMALLY EXPERIENCED 
IN ACTLAL FLIGHT, TkE AIR F@RCE AND NAyy ARE PROCURING GeSEATS 
FAS FSyr TRAINING AND FIGHTER SIMULATORS, THESE GeSEATS ARE 
ReSeaRCh CeviCes, ANC Have Lp T8 ge ACTUATORS CISTRIBUTED IN THE 


419 








NAVTRAEGUIFPCEt IH=-298 


SEAT FAN, HACKREST, AND LAP RELTe THESE SEATS CAN BE IMPROVED 
LPAN wITh RESFECT 78 SIMPLER GEBMETRY, FEWER ACTIVE COMPENENTS, 
AKD MARE EFFECTIVE DRIVE ALGBRITFMS. TKIS REPORT DESCRIBES A 
RESEARCH EFFART AN THE AIR FARCE'S ADVANCED SIMULATOR FBR PILeT 
TRAINING (ASFT). 


Pere TrrreECLECTCETECE LCS & tes oe ek Fk oe Cad ee 


ALRIAN» Re» LEET» Ue Rey AND MULLE!FOF, Pe Aco 
ERPLACSPASED FLIGHT SIMULATION GF THE CHe47C HELICGPTERe 
RAFING Cer VERTAAL CIVes PHILACELPKIA PA 

REFART CRe2418e1, FAR USAA VLAESs FORT EUSTIS, VAes 
ACTAPES 1969 (AC#864 116) 


* ABSTRACT * 
A GRALACeBASED SIMLLATIGN BF THE Che47C TANDEM ROTOR HELI CoPTER 
waS CANSTRLCTEC AND EVALUATED, THe MATREMATICAL fe Se 
PReyICPC A FUELY CH8LPLEC, LaFGEePERTUREATION REPRESENTATION 8F 
THe ATRCRAFT WeICk WAS LSED IN CENGUNCTION WIth A Filve-OeGReee 
AF FRE ECAM MATTIAS BaSe AND a WICE ANGLE POINT LIGHT SBURCE 
viSlael CISFeayY, the PATH ate a MODEL WAS VALIDATED BY 
CAMFaRING ITS SpazIC ANC CYNaAMIC ChaRaCTeERISTICS WITH FLIGHY 
Test CATA. A TEST PILOT Flew The SIMULATED AIRCRAFT 70 
CeteRM Ine THe CeGRee OF ReALIS™” AChIEVeD AND 7@ EVALUATE THe 
RECLR ACY wWITK weICh The Ckey7 WAS REPRESENTED, REPRESENTATIVE 
Pata atl FILOy CAMMENTS ARE PRESENTED IN SUPPORT BF THe 
EVALLATIAN. (ALTFAR) 


TOR ERC USCECRCSCLCOCCCO LESSEE RES ES ESR RRS RRS RP AS PSS PS OD 8 


ALLSAFs, we 
FERSANaL COMMUNICATION, COMMERCIAL SIMULATOR SYMPESIUM, 


LIN. MEMO Ke 4767662194 Rie. ths SMITH TO Re Ee FLEXMAN. 
19#Ee 


* ABSTRACT * 
the CLPL Carian AF ayC MBrrIe\S MAY BR MAY NOt Be The a 
WeThac FAR rRayhtnG, ged 1S CRyz7Cal yS MERELY the TRANSFER 
aF heateve® IS Leake, N MATTER WHAT THe gE fruLus SITUATION 
wAS TR TRE SIMULATSF. 


WwRPRPVEVPEREETCOPEPECSOC OSES ESOC CORE CEPR ES CEREALS OB) 


ALLESAF, WILLIAM wo. aND CURNUTT, FRORERT Ao 


TRE BBEING CA, SEATTLE» WASH 
2346 MOTION STMULATAR FAR FLIGHT CRehw TRAINING, AIAA CONF 


MASChK 16818 197¢ (CAFE) 


ABSTRACT NOT a~VaTLAPLe 
nPRR HERE HHHHe PwREPESEUCLCECLCOCOC CC CPR ERE E SRE DS 
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ANASTAS], ANNE tFSYCHOLAGICAL TESTING!, SCAND EDITION, THe 
MACMILLAK COet NEW YORK, 19616 


* ABSTRACT *# ; 
TRIS BABK BRA IEES a COMPRERENSIVE View SF CURREN] PSYCHOLBG CL 
TESTS AND TESTING PROBLEMS, ChAFTER Bae "OTHER TECHNIQUES FOR 
eFRSPNALITY pee eee UE DISCUSSES PE epT¥AL, COGNITI ve, AND 
gVALLAT IVE TASKS JACLUDING TeSTS WHICH Pe aSURE Be ae DEPENDENCE, 
ATTKINGS RAD ANC FRAME TEST (RFT) AND the EMBECOEL.FIGURE TEST 
(eFy) ake CeSCRyeel IN THIS CHAPTER, 


PR ReEeP RES ER ERE SEP EeePC ETERS EPS RRR SE SCE SERS E PETER RS ESE SET ET SS 


ANCERSSN, yweTe ANC PHILLIPS, Joe USAF PYLOT Poor Gets AN 
aNaLYSIS oF ACTLAL AN SIMULA Ee FLIGH7 DATA, MASTER'S THESIS, 
PeFeNse LOGISTICS SpUCTES INFORMATION EXCHANGE, UNITED STATES 
aARYY LOGISTICS PANAGEMERT CENTER, FORT Lee, VIRGINIA, REPORT 
N@e SLSF 2C"76H SEPTEMPER 19768 


* ABSTRACT # 
The PURFage OF This STUCY Was TO DETERMINE hHeThER USAF Pildy 
FRAFyCyenCY kas BEEN RECUCED gthCe THE yMPLEMENTATION GF ENERGY 
CONSERVATION MeaSlReS (4972). TheSe CONSERVATION MEASURES 
ReSllyeC IN ReOLCED nereak ttyine AND tke INCREASED USE OF 
aeeape Sy Ub ages, A gests BF sOtalL FLIGHT HOURS, aIRCRaF + 
A 


Dehrs SyMLULar7OR UsaGe C0 Was aNalLY7c0 FOR Op FINED 

Ts A sl AT A ATA AS ANA ZE A Ee 
Feet a irk OF PrLe@7s US:NG DifeCy CAMP a~RISON, aNALYSIS oF 
VATNTAN 


AND FeGReSSl6N aNalySIS TECHNIGU S, PILBy 
IMPRAFY 1ghcy (INveRSe SF PROFICIENCY) nas DeFINED aS TH 
AveRAGe COST Fer AIRCRAFT AcCICENT PER Glve% PERIOD OF Time, 
TRIS C6Sy WAS USeC 79 GLANTIFY PILOy PRAFICIENCY AND A 
FReCICTIAN MOCEL WAS FORMULATECO TO DETERMINE ITS Level Whe N 
GIVeN FLIGHT ake SIMULATOR HOUR VAFIABLES, SykeR vaARIABL_ES, 
SLCk AS PRASE gF FLIGHT, AIRCRAFT TYPE, PILeTeIN=CaMMAND, 
TINSTRLCTAR PILOT TIME ANC May@R COMMAND ASSIGNMENT weRE 
ExAMINED IN The TESTS OF THe RESEARCH kYPSTHESESe THE 
CARCLUSIONE Glveh The DATA OF The STUDY ARES (4) THERE HAS 
PeeN A CeCREASe IN TOTAL FLYING PRAFICIENCY, (2) THE DECREASE 
IN FRAFICIENCY CAN PE ATTRIBUTED TA8 RECUCTIBNS IN ACTUAL FLIGHT 
FBLRS ANC TO INCREASES IN THe USE OF FLIGHT SIMULATORS AS A 
SL9Styitlre FAR aCTLAL FLIGHY. 





PPR PEP TUPEROCSCEOEECESECOS ESET ETRE TS ERE SESE RSE ERE A SE EEA AEE OS ED OD) 


ANARYWALS 

RePART BN Tee LSE OF THe DYNAMIC SIMULATOR. 

The FRANKLIN INSTITUTE, LAKBPATBPIES FOR RESEARCH AND 
Ne VEL@PMENT 

INTEFIM REFORT [#0169"2s JUL 19826 
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* ABSTRACT * 
A VERY BRIEF ANC UNPRETENTIOUS EXPERIMENTAL PROGRAM WAS CARRIED 
ALT USING TRE CYNAMIC AIRCRAFT SIMULATAR, WHICk IS CESCRIBED IN 
FRAAKLIN INSTITUTE REPERT Fe216Ss 'Fe8cA FLIGHT SIMULATER! 
(CEILY ET ALey 1952)¢ THE PURPSSE BSF TRIS EXPERIMENT WAS T6, 
FISStcy, CETERMINE TRE VERBAL REACTIGNS 6F JET PILGTS TO THE 
ACFEGLACY BF FLIGHT SIMULATIAN PRESENTEC BY THE CYNAMIC 
SIMLLATBF, ANC SFCPACLY, TAH DETERMINE WHETHER IT WOULD BE 
FEASTELE 19 SYNTKESIZE A SIMPLE LINEAR TRANSFER FUNCTIBN 
MeSCRTRINE The FILAT BY MEANS SF The RESPONSE TS STEP INPUTS. 


AN TMERESSIVE 'FRAGE! GF THe PILATS! RELIABILITY IN ASSESSING 
TEE FEEL OF THE SIMLLATHR WAS CEMBNSTRATED DURING THIS STuDye 

A CeeCKel'P ON TRE CAMPUTING CYRCLETRY BF THE S {MOL ATOR Revealed 
THAT gee ORIGINaL veltace GRaDI phy FOR elLevaTeR AND aZIMUTH Had 
REEN TNEARRECT, AND TRAT THe CFaANGES SUGGESTED BY The PILOTS 
ReSlLy-C IN COMFeNSaTING FAR phys ERROR Well WITHIN THe LIMITS 
AF ENGIANGERING ACCLRACY, 


err rrr rec rererrerrcrerrrrrrrerrererce ce eee eS SSP RC ACESS LESS EEE 


ANARYR ILS 

Rell bel COPreR CePPORATIAN, RESULTS OF ENGINEERING TEST MaDe 
BN tec FRaNKLIN YNSTITe TE CYNaM IC FLIGRy SIMULATOR, FORT ARGH, 
TEXAS, REPSRT NO, CozB-37¢7901" APRIL 1960% 48 PP» AD236 666 


L6é5e1125 


* ABSTRACT *# 
The FLSEPSeE BF TheSe TESTS WAS T8 DETERMINE VELOCITY LIMITS, 
aACCeLexATISN LIMITS, MAGNITUDE ARD FREGUENCY OF UNWANTED SIG. 
haut FARTICULAR ATTENTION WAS GIVEN TA LOWER FREQUENCY, LARGE 
cxClRg{S\ SIGNALS PReSphtED TO Tee PLATFERM By tHe COMPUTER DUR, 
ING pec SIMULateD FLIGHT, 7 IS FeLy THAT SIGNALS SUCK aS THESE 
aPe Mahe RePResSeNtative OF tHe aCyUal MOTION OF THe HELICOPTER, 
CANCLUSTANS Wee peat Tee exISTING DISTANCE AvaAlLaBl_e FOR AC, 
¢C LeRatrAn 1s ERY Ne aR @PTTMUM IN MOBS7 CHANNELS, MOST OF The 
nerk Naree hala Ug INIT FReGUeNCY CamMPENe Ny OF CPS... THe 
FLA Fgaw NaTURal FReGuehC¥Y yh MOSy CHaNNelS, IN Mast See 3: 
LakGrR SpRVO Valles WILL IMPROVE MaxIMUM VELBCITIES AND aCCelLeRe 
atT@XS BPTAINARLE, AS The LARGEST PERCENTAGE OF THe HYDRAULIC 
EReeslrFe CROF 1S FRADLCED BY The SERVO VALVE, WITH veRY LITTLE 
FREESLARe ReMaArNING 78 ACCELERATE the L6aD, MaNy MOCIFICATIANS 
heRe MaCe TO IMPROVE THe PERFORMANCE GF THE PLATFORM DURING The 
TE7T. THE RESLLTS SHOWN IN THIS REPORT REPRESENT The OPTIMUM 
ABTATNeC FROM teeSe MOCIFICaTIONS, 


entnue wRERERESERECESOSLSS ASSET TEES HEM RHHHEEHERHEHHERHEHEHRHE ERE OES 

AKPRYMALS 

RpTpAR al vAgrPONalsyCs ANC grate ACMINISTRATION yer FBR PLANNING 
8 S 


INveSTICATIGONS IN Tre AMES PILATED FLIGHT SIMULATGRS, 1 AMES 
RESEARCR CENTERI, MAY 19626 
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* ABSTRACT # 
TRIE GLICE PREVICES INFORMATION TE AID IN THE PLANNING OF 
RESEARCk USING Tke aMES FILATEC FLIGHT SIMULATORS. [IT CONTAINS 
MLCk CeSCRIPTIVE MATERIAL 9N TRE MANY GROUND.BaASED MOTION 
SIMLLATARS AVAILABLE AT AMES RESEARCH CeNtER AT THe TIME OF 
THF bKEPORT© 


PER SREUPUCRETE CESSES ECE SL ERE SESE EP ER ERE SEES EERE REE ERR REE ES 


ANARYWILS 

RET. \Be AMRLeTCRe63=25¢ SYMPESIUM ON MBTION SICKNESS WITH 
SPECIAL REFERENCE TO WEIGHTLESSNESS, FINAL Rerer ly JUN 636 
apFestaCe “ECICal DIVISION, ge7CTH AERBSPACE PeDICAL RESEARCH 
LAFARATOPIES, WRIGHTSPATTERSSN AFB, BHIA 


* ABSTRACT *# 
TFIS REFART COMFILES THE PAPERS PREPAREC FOR ThE SYMPOSIUM BN 
MATTAR SyCkNeSsS CURING a WEIGHTLESS State, HELD AT THE BEHAV. 
IPRaL SCyeENCES LABERATORY, agROSFaCe MEDICAL LaBSRaTERY, wRIGHT. 
FATTERSEN AFP IN MARCH 4960, “OTIBN SICKNESS IS CeFINED, I7S 
crraleGy 1S CysClss_eD, aNC pRePBSa~ls FAR PROPRYLAXIS aNO TReate 


MENT akE MADE. 


TT C@NtaArNS A Patel DYSCUSS]ON aMBNG Tee PRINCIPAL CONTRIBUTORS 
PF the SYMFOSTLM, a THEBRETICAL STUDY aND TWe PaPeRS DEALING 
nTTek F_ERSONAL E xPeRTENCES IN wEIGHTLESSNESS, THE HIGH INCI. 
CeNCe SF NAUSEA SCCLRRING IN TRE ZepRO.G FLIGHTS WAS SUSPECTED 78 
Pe LARGELY Due Te tee exCeSSrve aCCelLeRaTIONS OCCURRING JIN THe 
Cre, ANE POSTS7Z¢RO.G PERIGDS ACCOMPANYING THESE FLIGHTS, EVI. 
CeCe TO CATe INDICATED TRAT wEIGHTLESSNESS BY ITSELF WAS NOT 
NALSEATING, FOweyeR RAPIC HeaD MOyemMENTS IN The ENVIRONMENT 

CALLE RAFIELY PRA UCe CISTURBING JNELUENCES, 


TOES EPECCE OCS SCOSEC EC ERE SERS ECE RECESSES ERT ARE EP TAS ET 


ARPRYWALS 
GeNeSalL PRECISION SYSTEMS, LTD. ¢#G SENSITIVE SEAT SYSTEM FOR 
FLTGhT S]MLLATERS+. REPORT SD/S21/TO» ISSUE 1, AYLESBURY, BUCKS. 


SEF Te, 196560 

N® pasrRACyY AVAILABLE AT TIME OF PUBLICATIBN 

TORE POEPPR REO SES EPEC SLE SES EPSP CSET TEE RT RSA APPR STL TD 
aSPNYWHLS 

RATIONAL AERANALTICS ANC SPaCe ADMINISTRATION, SIMULATION 
SCteNCeS CIVISIAN, #SIMLLATOR FACILITIES DESCRIPTION SHEETS), 


(C2VER LETTER FLE$e43—02) AMES RESEARCH CENTER, MOFFETT FIELD, 
CA+e ABRIL 197¢% 
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*« ABSTRACT * 
RESCR IPT] SHEETS WITH BRIEF SUTLINES OF FEATURES, PERFORMANCE 
SFFCTFICATIONS AKC LIMITATIONS SF NASA FLIGHT SIMULATORS. 


TPURVETUEPERUETUTTEOEEUCELUCT CLOT eect tt) 


ANQRYMALS 

LINK CIVISTONZSINGER CAMFANY, FP INGRAMT6Ns NEW YORK. FUTURE 
LNCERGRARLATE FILAT TRAINING (UPT) SYSTEM STUCYs FHASE IIe 
SLMMARY REFORT. REFORT NO_ LR 23918°2 SEPTEMBER 197060 


* ABSTRACT * 
S]* ReFAPTS ARE [ACLUDEC IN THIS vVALlUMe, THESE REPERTS DECUMENT 
BeSeARCe CSNCLCTEC TH PROVIDE AN ASSESSMENT 6F SIMULATION Rew 
GUIREMERTS ANC TECEAGLOEGY RECUIRED TE AID IN SELECTING CANOIDATE 
Syetews FER LFT 76°94 The APPROACH T9 EACH STUDY waS TS; Ree 
SeakCh phe LIgeRaTLRe ANC SUMMART72¢ CURRENT S7ATE OF THE ART 
TeTPRSLAGYS PROCECT STATE GF The ART IMPROVEMENTS TSB 
TRE 1676 = 199¢ TIME FRAME; ANDO FECBMMEND CONCEPTS, 
SYSTEMS "R DEVICES FOR CBONSINERATION In FUTURE UPT CANDIDATE 
SYSTEMS. 


TR RRP ERRP REVERB ESESBEERERERRERESEUSC ELAS ESSE SEER SER ERS ERA R ESSER RARE ES 


ANAK, CYNAMIC MANNED VEHICLE SIMULATOR, taITRCRAFT ENGINEERING?, 
eANLARY 1972 


* ABSTRACT # 
Tee SY¥SteMS ClyISION BF Teke BRITISH AIRCRAFT CORP, AT 25 i 
haS PLILT A SIx CeGReeS BF FREECOM METIGN SIMULATOR WITH A 
BYGherN te NSITY FATNT SOURCE LAMP yISUAL SYSTEM. THe VISUAL 
SyStew eRevICes a FIELC BF view SF 1480 CEGREES LATERALLY aND 
1@9 CEGREES vERTICALLY, wITh CORRECT PERSPECTIVE VIEW BF THe 
SCr\¢ MSCeLLeEC AN TrkE TRANSPARENCY. 


tke SpANCaRO CaPStlL_e SLI7ABLe FAR A WICE RANGE BF WORK FeaTURES 
A ag toe StZe aRCRaFy COCKPIT WITH SICEeBY.S]OE SEATING FOR A 
CRe® BF yh, A VARTABLE INSTRUMENT LAYBLT AND DUAL CONTREL 
COLUMNS wITh alclLSTaRlLe FerL CrhaARACTERISTICS, 

ANY YF, BF CaPsSuLe CAN Of FryteC TO Tee UNIVERSAL MOUNT 
WETRIN FRE STZ, ANC LOAC ReSzRICTIANS, THe SIZE LIMITATIBNS 
Are NA RTCIC ~NC AMPLE ROAM 1S AVAILABLE FOR A REPRESENTATIVE 
TRY Seay CIvTAlL aTRCRaFy COCKPIT 6P A SECTION GF a SUBMARINE 
CahyR6L ROSy, at THE TIlve OF TRIS wRITING, The OmvS FACILITY 
BAD yeRee SeFaRate CACKFITS; A TYPICAL SINGLEwSEAT FIGHTER, 

A TYPTCaAL RELICAFTER ADAPTABLE TE SIMULATE A bOVERCRAFT BR 
FaSy PayR6L BRar aNC A TYPICAL ThOsPILB7 avy ENGINE AIRLINER, 
WYTR EMFRASIS BK STOL AND vel ChaRaCreRISTICS. 


RERHEDEHORHRHH E HEHEHE HRHEEERHHHEHEH A EHHHEHHEEEEHEREREHE RHEE HES 
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AR ARYMALS 

"ARMY TRAINING CEVICE AGENCY'e 

FIVEeeYEAR FLIGHT TRAINING SIMULATION DeyveLPPMeENT ANC MANAGEMENT 
FLANe 

FISCAL YEARS 1976°1980° 

BECART ATCAeTRe7EeCQ012 AC Ac18"#Q27%s BRLANDH Fle 1975° 


* ABSTRACT «# 
TETIS RePART FRESeNTS THe LS ARMY AVIATIAN FLIGHT TRAINING 
SrMLL ATION CevelLAPMeNy ANC MANAGEMENT PLAN FOR FISCAL YEARS 76 
TERL go. The PLAN wAS CeVeLSPeD BY STAFF MeMBERS OF THE US 
aAR™Y yRarNING CeviCe aGENCY IN CBBRDINaTION WITH TRAINING 
MaNaGeRS BF tke TRAINING ANO DOCTRINE CAMMANC AND hARDWARE 
re VeLOPERS QF tke ARMY MATERIEL CAMMANC, 


ke FePBRT DesCRIB R RCH AND CeVeLAPMEN FF@RTS FOR TH 
Topenggac PLERKING PERTOOs THESE TRCELDE EXPLBRATORY (eeadee 
ADVANCED (603), ANC ENGINEERING (6.4) CEVELOPMENT EFFORTS, 
aLS@, PLANNING aXC maNaGemeNT CO8XceptTS FSR FACILITIES, 
MaTNteNAnCe AKC SLPPORT, AND TRAINING SIMULATOR VALIDATION, 
acSeSsMenqT, andl CeRyIF ICaTION ARe OySCusseo, 


FaSrespaSqn ANC COCKPIT PROCEDURES TRAINERS ARE oe AND THe 
ecXeF irs CeRtyel FROM The IR UrILIzZaTION aRe DISCUSSED, alse 
Fee€eNTeD ARe Tee STATE SOF eTHE ART BF CAMPUTATIGNAL TECHNOLBGY 
Relevahy TA _akMy AVIATION TRAINING MISSIONS, aN SveRvlew OF 

A lBaING ahD FReveCTED CeD NO Nase ResScaRCh aNO OpveLaPMeNy 
Selevas7 TA FLIGHT TRAINING STMULATARS, aNO aN BvERviEw OF 

FL 1Gky Sy*LL aR vrSlal tECHNOLSGY, 


POPES UCU CECO CESSES E ESC SAS EE PEE ET ESET ET ESTES PT PPP oT 


sh INYMELS 

FYFERIMENT COMPARING SIx CeGReeS OF FReeDOm (DEF) MOTISN BASE 
atl Gg SeaTy/Slit COMBINATIONS BN THe SIMULATOR FER AIR@TOWAIR 
CeYeBAT (SAAC). ENCLOSURE TO LETTER S90: ULD 150C SER353~ 

12 FEE 4975s FRAM CEMMANDER FIGHTER WING ANE, NAS, OCEANA, 
VISECINIA EEACKy VAs 


* ABSTRACT + 
TETS ¢-yPeRIMENT WAS CONCUCTED 13 v 1974 T6 DETERMINE WHAT 
cFFeCT The SIx COF MOTION BASE AND G SeAT/SUIT HAve ON A PILOTS 
ABILI7Y 7B CONTROL THE SAAC, MEASUREMENTS OF G FORCE, PITCH 
Rate a\C AILERON CeFLECTIBN wee TAKEN WHILe FLYING IDENTICAL 
Mabel ycPS UNCER yaRYIRKG CONDITIONS BF MATION SIMULATION, THE 
FULL Fieuc SF vIigh yISUAL SIMULATIAN WAS IN USE AT ALL TIMES 
hTTR yRReE VARIATIONS BF MATION SIMULATION: SIx DOF MOTION 
EaSe ANLYs G SeatsSUIT BNLY; AND, SIX COF MOTION BASE PLUS 
G SeaysSuUIT. Thee TASK WAS TO FLY A LEFT TURN AT 3000 FT. ABOVE 
CROUKC Leyeek, AT 6cq KNOTS, IN FLLL AFTERBURNER, AND WITH THE 
FILAY LASKING EACK 78 The LeFT AND NEVER AT The INSTRUMENTS, 
Th TEENS FAS , aCkh CONDITION wWeRE ReEGUIRED: BNE AT AIRFRAME 
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BL FFET FNSETse ANC SNE AT SOME PITCH RATE EASILY IDENTIFIABLE BY 
TRE FILATe 


NA SIGNIFICANT CIFFERENCES IN TRE GUALITY 6F CONTREL BUTFUT Fe8R 
TEE THREF CIFFERENT CO@NCITIBNS BF METIGN WERE FOUND. 


FILAT PRSERVATIANS WERF. THAT THE G SEAT PROVICED GOED FIDELITY 
TA FHLUR GIS, PLT IT SEFMED 70 PEAK AT TRAT LOAD AND NOT PROVIDE 
ANY ACD TTIGNAL CUEING AT GREATER THAN FAUR G'Se AT THESE 
HIGRER GC LOACS, TRE G SLIT PROVICEC NOTICEABLE CUEING FOR ye 
Te BSc GC ChANGES LP TO FIVE GIS ANT WAS UNUSEABLE BEYOND THAT 
Feat. TRERE WAS NB RELIABLE G_INDICATION IN EXCESS BF _ SIX 
Cre, wheN RELAXING G Tre Seat CID NOT PROVIDE aNyY NOTICEABLE 
CLE UNTIL 1eS TS Th8 G'S WAS REACHEDe AT THAT POINT, THE 
eRESsuxe CeCRease waS NOTICEABLEe WHEN GBING FROM a HIGH G TA 
Lew G av EACK 1A FKIGH ( WITH GS SEAT BNLY eee e see) THERE weRe 
MAMENTS weEN a SART OF Reverse CUEING waS DelyveERED BY THE 

G Seat. THIS SENSATION wAS NOT FELT wheN THe G SUIT WAS USED 
WITe Tee © SEAT, The USE OF SIx DeGRees OF MATION CAUSED A 
NOTICEABLE FORE ANC AFT SENSATION OF MByEMENT, THIS WAS NOT 
tee ReSlLLT SF FLIGHT ACCELERATISN AND SeeMcO 76 Be SPURIBUS IN 
NaTlRe, IT waS LESS NOTICEABLE WHEN Tre G SEAT AND G SUIT weRe 
IN USe. The G SEAT PROVIDED vERY GS6D SIMULATION 8F 
AFTERRLEN ER aCCeLeRaTION AND UNLEADING FROM POSITIVE TE ZERO G, 


rere rT er TrREerCCPCPTEPTOCLOSVOCCCOCOCOO CSS ECC See ee Pee eee eee oy 


AK AA e 

atyrsa®y GRALE FAR acRigpaCe RESEARCH aND DeyeLBPMENT, 
Ep~RIS FRANCE e 

APFERGa~Tr AND LaNCING SIMULATION. 

REFART NAe AGARCeR@63204 BCTSBER 1975 AD AQ18"9179e 


* ABSTRACT * 
vers R PAR, PRIMARILY OysCUSSeS NON HaRDWaRe aSPeECTS OF 
aPPReay, Ce ane LaNDyhG putin ahh Ne MeDELs ARE PRESEN Tee FeR 
exT_e &NaL ISpLReanCeS TNCLUCITNG wind ea TLRB LENCE, 
TLS N6rS- ANC FUNWAY ROLGHNeSS, May8R CONSTRAINTS BN THe 
Freel rrY OF vyslal aND Me7ION Cles pHay CaN OCCUR JN GROUND, 
PaSen SIMULATORS ARe SUMMARIZED, AND EXPERIENCE REGARDING 
PyrRaLiL SI*ULaTIAN CeEvELOPMENT AKD yALICATIO@N INCLUDING THE 
eFFeCrs AF tke FIL@7S LeaRNING ReGlyRemeNyS IN SIMULATION 
FRACRaMS ARE REVIEWED. 


PwrrerrerrerrceerePerrerOoe ERE SPST TASES ES ES EERE ETE REE ERR ERE DD 


AKNANYM3LS 
FLICHy syMLLazGrRe | HEARING BeF Are THe eee BN ReSeaRCH 
ANT DevelOFMenT BF The COMMITTEE BN ARMED SERVICES, UsSe SENATE, 


Sate CPNGRESS, SECBND SESSION, MAY 435 49762 UeSe G6VERNMENT 
PRINTING OFFICE, WASHINGTON, DeCoy 19760 
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* ABSTRACT # 
aA FReSeNTATION BF FLIGHT SIMULATORS BY TRE OEE AR ISENT OF 
PeFevce 78 The SeSEARCH AND DeVelePMeNy SUBCOMMITTEE, 


TRE GI PR ERENCE GF GPINIGN AMONG THe SERVICES AS 18 wWHeTHeR 
MOTION IS ECCIREC FAR FLIGHT TRAINING waS DISCUSS_D (PaGeS 
sSeceye ThE ATR FORCE CysCusseD THe CBHNTRIBUTIONS BF MBTIBN 76 
SIMLLATION SYSTEMS INCORPERaTING NARROW FleLpS SF VIEW BUT ALS 
StAteC TRAT TheRe wWaS py ipeNce 76 POP TEATE ToAt IN yISUAL 
cYS7eMS WITH GABE PeRIPRERAL ves (WIDe aNGLe), PeRhaPS MOTION 
MAS NB_ CANTFIRL Te AS MUCH 76 FERFORMaNCE, IT WAS STATED THAT 
160, "9RK CON PY Nasa CLEARLY SHOWS THay MOTION, WHEN IT EXISTS 
ts a SIMULATOR, allows YOL yA FLY aND PERFORM BetyeR WITH 
BeCLCeD FICELITY eee! 


ce’e AF tke ASLPT CAPABILITIES AND LIMrTATIONS WERE DISCUSSED 
RY The aATR FARCE. IT WAS STATED THAT, 'WeE HAVE NOT YET FOUND A 
wAY TA STIMULATE ThE ONSET CUFS ACCURATELY FNBUGH wITH THIS 
PEVICE®! (Fedde 


wR SeRPCERPERSUCESPECEST ESOS LETC CREE ESTEE TATE EEA ESET ET PEE SD 


M. ASGENSAN «© ASSALLT BOAT CAxShAIN TRAINER 
FATENT NA 39486, 242 
FILEC MAY 299 1967 GRANTED DEC* 3c, 1969 


NP ARSTRACT 
PRERETVECTE EER ECT CCCI SELECT EEO RECESS ELEC ESET ETE ERR ERE LES ESS EE SS 


AShKENAS, Tyby, (Ex, HeR, AND MCRUER, OT, «pILOT~INOUCED 
PeCrlLlatrGNS: qRerR CalSeE gND adglySzsi1, NORalR REPORy NOR 
£u71492 JLrl 49646 


* ABSTRACT «# 
CySteMS ANALYSIS TECHNIGLES ARE APPLIED TE The PROBLEM OF 
EYLATSINDLCECD AIReCRAFT OSCILLATIONS (PI8)2¢ MATHEMATICAL 
waFeLS LSem FOR The PILOT PRIOR T6 AND CURING PI8, AS WELL AS 
TEE USE SF VARIGLS FILO8T AND SUBSYSTEM DESCRIBING FUNCTIONS, 
ARe RevigheC. SEVERAL EXAMPLES 8F PIO CAUSES, ANALYSES, ANO 
CLFeS ae Glyeh, INCLUDING LINEAR AND NONLINEAR LONGITUDINAL 
FITS. Tre CLASEE LEB DESCRIBING FUNCTIAN FOR A RATESLIMITED 
eFSYTPBN SERVB 1S CeRIVEC IN THE APPENDIX, 


wre rer rereePPrPPrPrePrOE CTE CCE PE CS ESTE PSE EE EEE OD) 
ASKKENAS, IT,b, AND MCRUER, D.Te A THEARY OF HANDLING GUALITIES 


Ref iveo FROM FILAT VERICLE CONSIDERATIONS, tINSTITUTE OF ThE 
AERPCE ace SCIEACES!' IAS FAPER 62°399s JAN 19626 
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* ABSTRACT * 
STARPTILITY ANC CBNTRBL FEGLIREMENTS FER MANNED VEHICLES HAVE 
BEFK Basrl PRIMARILY UPON EXTENSIVE FLIGHT TEST EXPERIENCE 
LFAVERED WITR FEAGIKFERIAG JUDGMEKT*s CANSEQUENTLYs KANDLING 
RUALITIES FEGLIREMEANTS FAVE TENCED 18 BE DIVERSE AND APPARENTLY 
UNFELATER SPECIFICS WICK WERE ABT REACILY DERIVABLE FROM AN 
ANALYTICAL TREBRYe MANY DYNAMIC HANCLING GUALITIES HAVE BEEN 
TIFC Ce nCEFPTLALLY TA BPERATIAN BF THE PILOTeVERICLE 
CAYBIKNATIEN AS A CLASED-LOBOP SYSTEM, BLT THESE CONCEPTUAL TIES 
hKAVE Been CIFFICLLT TA TRANSLATE INTE THE PRACTICAL SPECIFICS 
REGLIRFC BY TRE CESIGNERe 


RECENTLY, RAWEVER, TRE APPLICATION AF CERVGANALYSIS METHEDS T@ 
FILATSATRCRAFT SYSTEM STLDIES HAS REACHED A STATE WHICH ALLOWS 
TRE EXPLORATIBN AF MANY CYNAMIC FANDLING QUALITIES PROBLEM 
ARFAS ITN TERMS AF SIMPLE» ANALYTICALs CLOSECeLO66P MODELS. IN 
TRIE PAFFR, TRE FLEMENTS 6F THE THEORY ARE PRESENTED AND 
APPLIED TOA MAKE FREDICTI6NS ABOUT HANDLING GLALITIES 
SITTLATIANS wRICk FAVE SCCURRED IN PAST PRACTICE, ANC WHICH MAY 
RCCLAE Fur SOME FUTURE CBONDITIONS. THE PAST PRACTICE 
FRECICTI@NS ARE TREK SHOWN 7H CARRELATE WELL wITR EXISTING 
FLIGHy at SIMLLATAF DATA, AND THe FUTURE CONDITIONS 
FReCICTLaNS ARe COMPAREC WITH VALIDATING TESTS PERFORMED JI 
SIMLLATAFS. FINALLY, Tee CONSEQUENCES AF THe TREORY, IN TERMS 
RE SIGhIFICANT FANCLING QUALITIES PARAMETERS, ARE SUMMARIZED, 
ANT FRIpABLE RESTRICTIONS ARE NOTED, FAR FUTURE veEHICL_ES, 
aBeRe Mee RATIONAL pePERIENCE wILL ee Quite LIMITED, THE 

PaS ameter SUMMARY AND ASSOCIATED CRITERIA CAN PROVIDE AN 
INTERIM BASIS FER DeSIGN AND A GUIDE TO FUTURE TESTING. 


(ALTRARS) 


POU REPPECUEESETEEEOCOCCOCAC ACER EPEC P EEE SRARLET  S 


ASKKARTF, FR, ANC KARLBALM, WLM. JR. DESCRIPTION AND PERFOR, 
MaNCe AF tke LANGLEY CIFFEReN TIAL MaNelyeERING SIMULATOR, 'INASAe 
LANéLeY, TECRKAICAL ABTEt TN De7304, JUNE 419736 


« ABSTRACT * 
Tee LatGleY oy Eee Ya MANeEUVERING SyMULaTOR (DMS) PROVIDES a 
Real rSriIC “eaNS AF STIMULATING THB ~SRCRAFT OR SPACECRAFT 
APeRayInG TN a CrFPeReh TAL MORE, the SYSTEM CONSISTS GF TWO 
a FIxXeC taSe COCKPI7S AND PROUECTION SYSTEMS, EACH 
hFALSeb Th A te. reh BIAMETER (4O“eFT) SPhERICAL PROJECTION 
scheeh, gach PROGECTIAN SYSteE” CANSISTS OF A SKYeEARTH 
FReceCrBe TA FRAVIDe a RORIZON ReFrRENCe AND a SYSTEM FOR 
TARCE Te IMAGE GeNe RATION AND PRAGECTION, THe PRO@JECTERS ~aND 
IM aGr GENBRATORS ave GIMBaleD 76 allLOh yySUal ot a A i WITH 
Ca Fler \ Une STRICT D FRee de” BF MOTY]AN, ThE COCKPIT 
cas neh e TYPICAL INSTRUMENTATION, A GeSLIT, A PROGRAMMABLE 
PLUFFey hMeChaN[Sh, aXD PROGRAMMABLE CONTROL FORCES, THE SYSTEM 
Was PeSIGNED TO ACCAMBCATE SIMULATION GF A WIDE RANGE OF 
AITFCHAFT PrRFARMANCE, 
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TRIS REPART GIvesS a CETAILED DESCRIPTIAN BF THE KARUWARE AND 
ALSP CESCRIBES TESTS WHICK WERE PERFORMED TA VERIFY THAT THE 
SYSTEM CALLD FRAVICE THE REQUIRED SIMULATED AJRCRAFT MUTIONS, 
TED MaThy MATICAL MADEL WRICH CUNVERTS CAMPLUTEL AIRCRaFr MaTIANS 
INTA The ReGuyk_eO MATIONS NF THe VARIOUS FROV¢C7TOR GyMBals JS 
RESCRYRENe 


PO RSPR EPECCE RES ESCESCCESCECLOS ES ESSEC RCE ESSE PSE EAR ERT RSE EAR 


ASFWURTR, PeRey MCKISSICKs BeTe AND MARTINe Dede URe OSBUECTIVE 
ANT SLEVECTIVE EVALLATISBN BF TKE EFFECTS 8F A GeSEAT BN PILOT, 
SIMLLATAP FERFERMAKCE CLRING A TRACKING TASK. PAPER TO BE PREe 
SEXNTEDC AT THE "41CTH NTEC/INDUSTRY CONFERENCE’, ORLANDO, FLORIDA 
N@VEMEER 15°17, 1977 


* ABSTRACT # 
A Seay CLSFIAN TS9 PRAVICE ACCELERATION CUES FBR AIRCRAF 7. 
cr’ULareR FILers Fas BrEN BUILT, PERFORMANCE yEeSTED, AND 
cval\argo IN NASA bakete rs DIFFERENTIAL MaNelyeRING SIMULATOR, 
thee FALR Cell Seay, USIRG A THIN aTR CUSHION WITH HIGHLY 
ReSFANSIve PResslhe C@NsROL, atTTeMPTS 18 RePROCUCe The SAME 
FVthTS wRICh §CCUR IN AN AIRCRAFT SEAT UNDER seg on 
Leal inc, THe pPReSSlRe CON TRALL ER p poly Seat CUSHION 
RB. SCFARSES WHICr AR Cot siCeReD ADEQUATE BR CURRENT HIGH 
ECRFRRMeRCe ayRCRaPy SIMULATIONS, i 


aN @XPERIMENT waS CeSIGNeC 78 EyALUaTe THe EFFECT OF THe GeSEAT 
aN FYILS7/SIVMULA7AR PeRFE MANCe, THe StaTISTICAL ANALYSIS OF 
Tata INCICATES ig? Tee PILOT Ne TNFBRMATION FROM Tae SEAT 
WHICk ~LLOhS MARE PREC YS, CeXTREL GF The SIMULATED AIRCRAFT 
PILAy SLEeeCTIve CATA SLFPORT THe CANCLUSIEONS BF THe 
StAriSrical avXaLyYSIS, 





TererrererrerrcrerrrrrerterceceerCOCCCC££CES SES eC SESE SEER REE AR ERA ES 


PTLLY &) ASRWERTR AND BURNELL T, MCKISSICK, NASA LANGLEY RE. 
SEARCr CENTER (LRC), DENNIS Ue MARTIN, URes SPERRY SUPPERT SERe 
vices, SBuECTIVE AND SUBUECTIVE FVALUATION OF The EFFECTS OF A 
faSpay_6® PyLerysy"LL~TER Bere een DURING ~ TRACKING TASK 
EFPCeEDNGS AF TRE TENTR ATeECsINCUSTRY CONFERENCE, NTEC IH 294 
KEVe 19778 


* ABSTRACT # 

A SEAT CUSFISN 78 PROVICE ACCELERATION CUES FOR AIRCRAFT SIMULAe 
TAS EILATS HAS Aeeh BLILT, PERFORMANCE TESTED, AND EVALUATED IN 
NaSa LanGlLeYes CIFFERENTIAL MANELVERING SIMULATOR, THE FOURSCELL 
Seat, LStTNc A TRIN AIR CUSHION WITh HIGhLY RESPONSIveE PRESSURE 
CENTRAL, ATTEMFTS TA REPRODUCE Tee SAME EVENTS WHICH OCCUR IN AN 
ATECGAFT SEAT UNDER ACCELERATION LOADING, THE PRESSURE CONTROLS 
Le S eRPyyCeS Spat CUSHIBN ReSPBNSES WHICH ake CONSIDERED Abe. 
CLAt, FeR CURRENT FIGRSFERFARMANCE AIRCRAFT SIMULATIONS, 
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AN EXPERIMENT wAS TPESIGNED TS EVALUATE THE EFFECT BF THE GeSEAT 
BR FILST/SIMULLATAR FERFSRMANCEe THE STATISTICAL ANALYSIS 6F DATA 
INT ICATES TRAT TRE FILOT GETS INFOFMATION FROM TRE SEAT WHICH 
ALL@KS MARE FRECTSF CA@NTRBL BF THE SIMULATED AIRCRAFT. PIL@T 
SLPLECTIVE DATA SLFFART TRE CANCLUSTONS BF THE STATISTICAL 
ANALYSIS. 


Petree re ee eee eee Ce POP PPP ee PSCC OPO C EPCS SPP CST eT Ce Tee ee eee eee eet 


ASFWIRTRK, EeRe ANC FARRIShs ReVe 

A VISLAL MOTION SIMULATBR FER GENEFAL AVIATION COMPENSATED wiTHe 
TS Tre NANLINEAR ACAFTIVE WASHYLT FAR ACTUATOR LAB. 

NATA LANGLEY RESFARCK CENTER, HAMPTEN, VIRGINIA PRESENTED AT 
Ter 'ataa VISLAL AND MATION SIMULATION CONFERENCE', AIAA PAPER 
N@e 7Feecees AFFIL 26"2821976 


* ABSTRACT * 
a “ESCRTFTION IS PRESENTED OF Tre GENERAL AVIATION AIRCRAFT 
er’CLarar SECeENTLY ACQUIRED BY ThE LANGLEY RESEARCH CENTER, 
SLMMARITZING TR, COMPLEMENT OF INSTRUMENTS, RADIO/NAVIGATION 
eGlLTRMeNt, CONTRAL LOADING AND ATHER FrATURES, EMPHASIS IS 
FLACEC mAINLY Sn THE ThaeDEGREE SBF aFREEDAM MATIBN ORI VES 
Cevelsrem FAR tes SIMLLATAR aND THe PRESENTATION GF THE 
P¥NahMysC RESPOANSe BF THE MOTION SYSTEM (WITHOUT WASHSUT) IN 
Tee™S BF AMPLITUDE RaTIS AND PASE LAG aS A FUNCTIGN OF 
FReglesCy, Tre NANLINEAR ADAPTIVE WASRAUT Basel ON CONTINUBUS 
StrePesSt CeSCey SPTIMIZATIGN PRESENTS CUES IN PITCh RATE, 
cLSée, KRALL Rate, AND SwaY aND aLLOwS FAR aCTLATOR LaG 
CAMPENSATIAN, 


PCr reer et ee ere Perera Pe SP ee Pee RP PRESSE ERR RRA REE RRR RRR ee 


WwereA, AYLESELRY, FT AL « GRAUND BaseD FLIGHT SIMULATING APPAR,e 
TUT PATENT NBe 3,559728587 
FILEN FERe 39 1669 GRANTED AUGe 16% 1971 


N@ AEGTRACT 


Turner er TELE EPPUPUPECE COSTE SIT SCALE ECE SEER SEE CETERA EA DD 


PAARSPUL, Me AND VANDONREN, Ge Pe 

TKE KYBRTC SIMLLATION SF AIRCRAFT MATIGNS IN A PILOTED MEVINGS 
RaSe FLIGHT SIMLLATAR. 

TeChne SChE HAGESCRAAL, CELFr (NETHERLANDS) 

AVAILABLE MTIS=-C AQR/MF AOL 


* ABSTRACT * 
Thee MalN TECFENICAL FEATLRES OF Tee GENERAL PURPOSE MEVING BaSe 
Frleter FLIGH? SIMULATOR BF THE CEPARTMENT 6F AERONAUTICS AND 
CEACE CNCINEERING ARE DESCRYAEC., OESCRIPTION BF THe HYBRID 
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CAMELTER, ThE ThREt eCEGREE @AF eF REED BM MOTINN it THE 
crvULaTar CoCkF yr, rhe ELyukr INSTRUMENTS, THE EN TROL EET 
CYST EM, TRE FLICKT C! ec yA JALTAPILAT, and The vISUaL DIS LAY 
CYSTEM ARE INCLUMED, Tre APPLICATION AF a SIMPLIFIED 
MaTeeMayITCAL MSCEL 7B SIMULaTe AIRCRAFT DYhaMICS JN FLIGHT AND 
AFTER TELCHUGAN TS CISCLSSED, SPECIAL ATTENTION IS GIVEN T8 
The AcRBDYNAMIC EFFECTS GF FLAP AND LANDING GeaR EXTENSION, 
apSPCYNAMIC GROUND EFFrCT, THE SIMULATION OF The LANDING LOADS 
SN Tee AIRCRAFT AFTER TaUCHDARN AND CenqRel FykCe Feel 
Sr’LLatION, aX TMPBRTANT aSPeCy BF THIS PILO7EL SIMULATOR IS 
TT® ABILITY TH PROVIDE REALISTIC MBATIGBN CUeS, SOLUTIONS 7e 
tee PRSBLE™ BF GENERATING DR1ve CAMMANCS F&K The CONSTRAINED 
Thee eGREE SF AF RepOBM MATION SYSTEM Ake DISCUSSED, The 

bY RTD CabPUrer FREGRAM, bsp D FAR tee S]MULATION BF THe 
AFERaACk ANO LAKMIKG BF a TRANSPART AIRCRAFT Is DescRI8ED ON 
Tee MASTS PF SYSpeM FLOW CHaR7S aND aNgLOG Dy ,GRaMs, 


TORR SCEOCPUCTE EEO REREOEREST OAS EERE RACES ERE EERE ESR ESE REE RA ASRS ASE SSS 


P,RET, Me. SIx CEGREES BF FREE? OM LaRG; MOTION SYSTEM FOR FLIGHT 
sp™ULaTSRS, FRecentel at aGaR® FLIGHT MECHaNyCS Pavel SPEC AL 
ISTS* MeeTENG BN FILATEC ATRCRAFT FNVIRANMENT SIMULATION TECH. 
NICLFES, PRUSSELS,s HELGIUMs APRIL 24"27, 19786 


* ABSTRACT * 
Ter SPECIAL Feature OF Tre SIx DeGReeS 6F FReEECBM LARGE MOTION 
sytyer SOpsCRreel yh TRIS CACUMENT IS The LONGeSTROKE, HOLLGWeROED 
LACK wITh FYCRASTATIC BEARINGS= 


THIS TECHNIGLE FROVIDES AN JMPRKByED PERFORMANCE AND CONSIDERABLY 
RePlCes The Leyel AF Tee UNWANTED pe eee AT EONS NORMALLY GENERe 
ate BY wOTION SYSTEMS, WEILe SFFERING New POSSIBILITIES IN THe 
SylLEY oF CONTREL LAWS, 


Tere errr Ce ee ePePePEPTeES ESP ESP eC RESET SPP RSET PP ASP APSe S S 


CaPFETT, GeVe, CABE, PeAs,y THORNTBN, Col. AND KEEBER, Hote 
te VALLATTION Se pa MATION SIMULATSR NOT REQUIRING COCKPIT MOTIOND, 
#ELMARK FACTORSt, 4569s 11(3)0 239"244e 


* ABSTRACT # 
A Nes vee OF Svaaer FAR SIMULATING MOyTON CLES EMPLEUYS A SEAT 
Mae LP AF SIx CIFFeRENTIALLY INFLATABLE SECTIGNS, THIS DEVICE 
waS cVALLATED wITR A SAMPLE GF EIGHT PILOTS IN A COCKPIT 
MOCK LE, SEAT MATIAN SIGNIFICANTLY INCREASEC RATED REALISM FOR 
s Sef tes BF S]Tx MANEUVERS. WHEN SUBUECTS WERE PRESENTED WITH 
MeTIOR CLES wEILE TREIR EYES wkRE CLOSFO, CORRECT IDENTIF 1~ 
CATION AF MANELVERS AVERAGED @5% AND RATED CONFIDENCE IN 
el EXYFNTS AVERAGED 76%>+ THE SEAT wAS CANSIDERED TO BE A 
FelativelLY SIMPLE, LOWeCOST METHOD FUR SIMULATING MOTION CUES, 


PT REP EOPEPT EEE PERO EOP EES SOLES EPS RARER HRERHHEKHRHHHHEHREEHHEE 
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PAERE TT, CeVe AKL TRHARMNTONs Cole 'RELATIONSHIF BETAEEN PERCEP] 
TLAL STYLE ANC STMULATGR SICKNESS'« 'YBURNAL 6F APPLIED PSYCHO. 
LAGY', 196%» EPs 4e 304"3CR. 


#* ABSTRACT * 
SIMLLATAP SICK &SS HAS FYPOTHKESIZED TO BE CAUSED BY THE 
CRNFLICT GF THEEN TRE VISUAL PRESENTATIAN BF APPARENT M8TIBN 
ANT Tre LACK BF ANY CERRESPANDING REDDY SENSATION BF MOTIEN’ 
TRF FYPATRFESIS wAS TESTED BY CORRELATING INDIVIDLAL DIFFERENCES 
Th ¢CAkes SN The RAD ANC FRAME TEST (RFTs WHICk MEASURES 
ACCLFACY BF ACULSTMENT BF A RAL TA TRUE VERTICAL UNDER 
CAME TTIGNG BF VISLALSKINESTHETIC CHNFLICT) ANDO DEGREE GF 
GIMLLATHR SICKNESS. The CATA FOR SERIES 3 BF THE KFT AND THE 
TRoPxeKES OF SICKAFSS WERE BEST KEPRESENTED BY HYFERBALIC 
FUNCTITING YIELCING CORRELATIANS BF 04080520 JMPLICATIANS FOR 
SIMLLATIAON TECRKNALHGY AND FOR A GENERAL CONFLICT BF CUE THEBRY 
ARF FYSCUSSEL wyTrR EMPHASIS GN SUPPARTING EVIDENCE FROM SEVERAL 
AREAS SEF INVESTIGATION. 


PT REPRO CE RE RES ECER SC SEE C EP CC RRR Ree Pee eRe ee ee eee eee eS | 


FeCk, Teue Tre FFF ECT GF SPURIBUS ANGULAR ACCELERATIONS GN 
TRACKING IN LYNa~MIC SIMLLATIOAN 

CeFaRTMENT SF FoYCheLeGy, San J8SeE UNI veRSITY, SAN JOSE, CALIF, 
RKLYAN FACTARS» 4974s 16(4)24237434° 


# ABSTRACT * 

4 LAPBRATBRY STLOY WAS CONCLCTED TS INVESTIGATE THE EFFECT 
AF vaRIAlS SFLRTSLS SIMLLATER YAW MSTISNS BN a PILGT1S CENTRAL 
Fe RFRER ANC. A SECRAND BBUECTIVE WAS TS COMPARE The EFFICIENCY 
8¢ StarI® ANC CyNaMIC SIMLLATAR TRACKING IN pREVIBUSLY 
UNe wav thy OC verrClhe CYNAMICS, Twelve AIRLINE PILOTS SERVED aS 
SL8GE CTS IN aA MByINGeBASE FLIGHT SIMULATOR UNDER CONGRUENT. 
MATIYR, SPLRIALSSMOTION, AND NOeMOTION CONDITIONS. THE RESULTS 
INP TCare™ a SIGNIFICANT INCREASE IN THe AMOUNT BF ERROR WITH 
tNORpasphG Leyp ls AF SPLRIAUS MGTyPIN DURING the INITIALLY 
ACM INT STEREO SEF IES BF TRIALS, The INFLUgNCe GF SPURIEUS 
MATIAN, KBMe VER, WAS ABSENT IN A SFCOND SERIES BF TRIALS, 
tke Rata SUGGEST TRAT The PILOTS LeaRNeD TO COMPENSATE IN ThEIR 
FeRFARManCe FAR zeke SPLRIGUS TNPLTS, IT WAS ALSO FOUND THAT 
FANGRULNT VISLaL aD RA TATIONAL CLeING PREOUCED SUPERIGR PERFOR. 


ManCe ye TRAT BF TRACKING WITH VISUAL INFORMATION ALONE. 
rrr er Se ee ene ee ere. Se. ee ee ee ee 


Belelet, SeEe iMaheMaCrINe SYSTEM SIMULATION FOR FLIGHT VEHI. 
CLeet FEE TRANSACTIONSe HUMAN FACTORS IN ELECTRON. HEE@yey ys 


19436 


* ABSTRACT * 
A FRAC. CI Re FAR CO@NDLCTING ~ MEANTI.GFUL SIMULATION BF A MANY 
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MACHINE SYSTEM JS FRESENTED ANC ILLUSTRATED BY VARI6LS SPECIFIC 
EXAMPLES, TRE RELATIONSHIP AF TeKE VARISUS TYPES OF SIMULATARS 
TA The TR LSE IS ALTLINECD AND DESIRABLE DETAILED CHARACTERISTICS 
ARE TELINEATECe Tre TFACEBFFS BEThHEEN SIMULATOR COMPLEXITY, 
Realtsm aNC Tre INTERRELATION 3F vaRT@LS FeeDBaCK SENSING “es 
“Pyrat, viSkal AR taCTILe) aRe CysCUSseD aND the NECESSITY GF 
val tPaTING The SIMULATION #Y USe BF A vaARITABLe STABILITY AND 
VAF TABLE CantTRal SYSTEM AIRCRAFT IS NetED. IT IS SkeWN THAT AS 
Tee PROPLEY TS Pre STUCTED al Make COMPLICATED OR The 
CLESTTNNG ASKeL AF TRE SIMULATION peCbre MARE GUANTITATIVE, THE 
er" lL arak Char aCTeFISTICS MUST BECAME MARE FLIGHTLIKE, SINCE 

tT’ the LaST ANALYSIS Tee BeST PLACe TO ASK THe QUESTION IS WHEN 
thee eP{LeT ANC The vehIChe ARe IMMERSED IN THe TRUE ENVIRONMENT 
(JeEo, FILIGHT). 


PEO RCC UPUCTCCCOSCSCOCCCCC LCCC CAC AR Cee OP eee ee ee eee 2 


QELETERLINGs CoAe AND MLCKA, Eole 'tDESIGN STUCIES BF A MOTION 
Syctem FAR The yTAL SIMULATION FACILITY+. FRANKLIN INSTITUTE 
Fe® ReseaRCh Caps, PHILaDELPHTA FAR THe NAVAL TRAINING ECUIPMENT 


CeN TER, REPART NB. FIRL oF eC427Q"019 FEBRUARY 19766 AD#AQ24"734 


*» ABSTRACT * 


TRI¢ ReFART CeClMeN TS The OpSIGN stUDI¢s INVOLVED IN 
PeteSmqhyNG The PeSt CONFIGURATION FOR a NeW INTEGRATED CISPLAY 
ART Me +TAN SYStcM FER Tre Naval TRAINING pavieneny CeNTeR VTeL 
ay%lbayyAn Facil Y 35R CaNOrDaye SCkeMeS ake CONSIDERED ~ND 
rh” 2B. CROSEN FAR Beqail_d CaMPARTSON. THe RESULT IS The 

t. 


cTEMWeNDOATIAN FAR A BG SIx-DEGR EWOF .FREE DOM MOTIGN SYSTEM 
cUSFAAD ES FRAM 4 LAW P SFyle F UnBaz 180 STRUCTURE, 


Tart PrrTerEEECOOCCCCCECCOSE CC CECA PEPE TEP ASC CEPT SAR 


EENCAT, JeSe 

MaTeeMatICAL ANALYSIS AND ANALSGLE SIMULATION GF ATMOSPHERIC 
TUFELLENCE GLST VELOCITIES. «tYAURNAL SF AERONAUTICAL SCIENCESt, 
VAL Fue JANUARY 1957.6 


* ABSTRACT * 
byATLABLE MEASUREMENTS OF ATMBSPHERIC TURBULENCE GUST 
yELRETT ICS By CLEMENTSSN, DBUGLAS AIRCRAFT COMPANY, INC,, 
ECPS4N=L, NACA PERSONNEL, SUMMERS, AND CHILTON INDICATE THAT 
FycR p~ CANSICERAPLE RANGE SF FREGUFNCIFS, THe POWER SPECTRAL 
TehStrY FUNCTION Gow) MAY Be REPRESENTED BY A CyWo TYPE OF 
choy, FOR LAkheR FREGUENCIES, G(W) IS MARE COMPLICATED, 
aPPRAATRING A CANSTANT vALUe AS tw! APPRAACHES ZERG, 


WEePrPPEUPPCESSSCCOCC OCS SSSA SSS ASE ERE ee SHREK HHEHHEHHHHEHREH HEHE E HT 


Pe*FaRl, K,C VFERCEPTLAL veRTIG@s; A OIMENST@NAL STUDY?!, 


rEERCEETLAL ANE MATBR SKILLS1s 1964s 18 633°639° 
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# ABSTRACT #* 
NINE G'S WERE USFC IN AN EXPERIMENT TO DETERMINE THE EFFECTS OF 
PeSyepecal FLICKFR AND TKE DEGREE 9F STRUCTURE 6F TrE STIMULUS 
FIFLE ULFAN TRE INCICENCE AND DEGREE OF VERTIG@e THE GRELPS 6F 
e1S yeRe CEFINEC AS: (A) SUSCEPTISLEs (8B) NON-SLSCEPTIBLE, 
AKT (C) A HIGHLY TRAINFC AVIATSR GRAUP. VISUAL PRESENTATISN 6F 
TRS STIMULI wAS ACCOMPLISHED BY MEANS 6F A HEMISPRHERAL SCENE 
ANT A wIPE=ANGLF LEAS SYSTEM. S'S VERBAL RESPONSES WERE 
ReCARCem AND ANALYZEDe THE GRULPS RESPANDED wITh A GREATER 
DeGkee BF VERTIGINGUS PESPONSE TE THE STIMULI GF PERIPHERAL 
FLICKES TN A FIELC BF LOW STRUCTURF 


Po Re RRP EPSR SEES CREEL eRe R PPC CAPP CPP ReeCPPePPePR eee eee SS 


PFENCAPIN, Fe VISLAL AND MOTION CLES IN HELICBPTER FLIGHT, MIT, 
MANevEFICLE CONTROL LARLs THESIS Nie Te66"12 YANUARY 19666 


* ABSTRACT * 
THIS parer INyeStTIGaTeS TRE RELATIVE IMPORTANCE SF METIGN AND 
vIThalL CiugS AN Tee ABILITY OF FXPERTENCED PILOTS AND NON.FLYING 
GLA rcrs TA CBNTRBL A HavERING FeELICSPTER, IT EXAMINES THe 
INTeaCtyGN SF tkeSe OIFFERENy FORMS BF INPUT INFORMATION AND 
ter Me pRACS PY wWeICk TheY ARE UTILIZED PY THESE TWO CLASSES 6F 
eb3ccCts, The MepreC RY WhyCH CANTROL AF SUCr A hIGHeBROER 
SY¥SteM pS A ReLICBPreER IS AFFECTED 1S CySCUSSEO AND A THEBRY OF 
TRIS TS a~CvANCeC, a SIMPLE yISLAL DISPLAY SYSTEM WHICH 
EF Aviles a UNtGLe PeSCRPTIAN OF PESITION aND atTITuU0E WITH 
ReSPeCy 76 a CEF INce AXIS SyStev aNO UyIlLizeS ReLATIvELy 
INEXPENSIVE AND AVAILABLE ANALSG ERUIPMENT IS PRESENTED. 


Tare eee CRC Ce Cf ff cde bed kek hd bee ee eee ee ol 


PEEGERSN, HUGE Pe : 
ae? RSEAC? TECRNELOCIST, NASA LANGLEY ReSeaARCH CeNTER HAMPTON, vA 


7o6« Eble 
+; cPRetrs RF MAyION CLES AN COMPENSATORY TRACKING TASKS 
ATAA CINFe “AR 46°18 197¢C (CAPE) 


» ABSTRACT «* 
Tei Cara FPRESehae 0 ake TAKEN FROM TESTS THAT weRE DESIGNED 78 
PeF ine awe aS weeRe MATION CUcS ARE BENEFICIAL IN CANTROLLING 
rare E en TRACKING TASKS s~ND TA Dp TERMINE SMe OF THE 
ReCUTRe MENTS GE TRESE MOTION TNPLTS, NE ANC TWOSAXIS TESTS 
apRe wale “tte aXC WITHOUT MOTIAN. TWHeAXIS TESTS WERE 
PeRFeRMeD IN we TCh pee AMPLy TUDE BF MATIAN, AS COMPARED TO THE 
VISlalL FNPLT, was vARTEC FREM BKE FUN TO THE NEXT. THE RESLLTS 
INV ICate TRAT The raCDI TION BF MATIAN BaD LITLE GR NO EFFECT 
AN gee CANTRAL OF The SINGLE SAXIS TASKS THAT ne 3 TESTED.) 
haYeveR, iMOTIAN CIC MAxe A DIFFERENCE IN THe MORE CIFFICULT 
TwsAxlS TASKS,» ALSS, THE CATA SHBW THAT 1A REDUCTION IN THE 
SCaus YF POTION, IN TRE TWOLAXTS TASKS, AS LITTLE AS 174 MOTION 
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eCALE, FROLUCES RPESLLTS COMPARABLE TO WHEN FULL SCaLeD MyTlen 
sAS USED! 


PEPE TEPTCCECEOCEULECECeS CCE CUS SECC SEP ESSEC SPE eee cee eee Pers se 


PERCFRAN, Ke Fe 

"INVESTIGATIAN BF MATIAN REQUIREMENTS IN COMPENSATORY CONTROL 
TASKS, ! 

"TSFE TRANSACTIANS ON MAN MACHINE SYSTEMS! 

VFL MMSejl» \Be Ca VUNE 1970-6 


* ABSTRACT * 
TESTS CSNSISTING BF ONE AND TW9eAXIS CLASED=LOGP TRACKING TASKS 
“TTR ANCL WITRBLT METION, FAVE BREEN MADE TO DEFINE SOME AREAS 
bRERE MATIAN Cles ARE Gener yCral. TESTS WERE MADE WITH REDUCED 
SCALING @N The MATION INPLT T8 INVESTIGATE THe MINIMUM 
SEGLIFEMENTS BF MOTION CLES IN TKASE TESTS WheRE MOTION has 
FALAD TS8 BE OF ASSISTANCEe 


FRR tee cseT AF CANCYTIENS TesTEO, LyTTL_e BR NO DIFFERENCE IN 
Tee MeaSUREMeNT CRITERIA wAS ig wind IN The SINGLE SAXIS 
MEeTTENSAE MATTAN RUNS, SIMyLaR gpsULTs WERE BBTAINED WHEN 

CAMFARING TW8 SINGLE@AXIS TESTS WITH DIFFERENT PITCH 

SE reNzatr6X, Tre ThOSAXIS TESTS, WHICH COKSISTED GF PITCH aND 
Ya® ant FrtCh antl Rall, CIC HewevER, PR—DUCE a DIFFERENCE IN 
The FRRAR MEASUREMENT IN THe MOTIBN/NO MBTIGN COMPARISON. A 
Ce CkeaSe IN NORMALTZEC TRACKING ERFAR adtD IN [NCREASE IN 
CLOSECeLABF SYSTEM FREGQLENCY WERE 9BSERVED WHEN MOTION WAS 
ACTER. 


TeSTS wePe ALSA@ RUN, IN PITCH ANC YAW BALY, IN WHICH THe 
STALE oF sal MO7TEN INPLT WAS REDUCED, TheSe TESTS WERE 
FORFARMEC BY The SUBUECT IN SeGUeNCe STARTING wITh NO MOTION 
aEL tee WAY 78 FULL PBTION aND BACK DOWN TA Ne MOTION, ACH 
MSTIAN SCALE CONDITION (NONE, 1716, 1/8, 1745 172 AND FULL) 
CANSTITLTES A TEST. THE NORMALIZE0D TRACKING ERROR REMAINED 
Cekeraty FSF FULL, 472 ANC 474 MATION SCALING BUT INCREASED 
wWI7Th A FURTHER RECUCTION IN MBTIEN SCALING. 





TRL eee Cee ECP CPPCC ECC LOPES RESET EA EERE CARE ES RRR RSE RASS SD 


FeVGPRIN, KLE, aNC ADAMS, Uvde  tMeaSURED TRANSFER FUNCTIONS 6F 
ellLats CURING ThO@eAXIS TASKS WITH ATI 6Kt6 NASA TN D#21774 1964 


* ABSTRACT # 
FeELR FIL9TS CANTROLLED A SPHERE ATTITUCE DISPLAY IN PITCR AND 
yaw (STATIC CSCKFIT) BR PITCH ANC RALL (DYNAMIC CBCKPIT). 
ANALSGLe ALTOFILOT SYSTEM MATCHING PILGT GUTPUT IN AN ATTEMPT 
TP Ce SCRIBE KIS TRANSFER FUKCTIBN, DEMONSTRATED THAT COCKPIT 
Merren ReCLCEC FIS GAIN VARIABILITY IN BATH AXESe 


TCT rr Pere Pere PreErereOC eC ePeeeSererer eee RSE SERS ES SSSA RAR RAS SES 
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PESCERSN, FePes ACAMSs weve AND KLETs Gee THE EFFECTS OF 
MATTSN CLES ANC MOBTISN SCALING AN ANE* AND TWA=AXIS COMPEN}] 
SATARY CONTRAL TASKSe AASA TN#0"6110s8 19716 


* ABSTRACT * 
SLICE CTS 
w NASA TEST PILSTS AND 4 ENGINEERS WITR TRACKING EXPERIENCE. 


EGLUYPRMERT 

fae oe “ERE MACE IN A BNEeMAN CHCKPIT MOCKeUP FITTED WITh A 
TRREESAKTS ATTITUCE INDICATG@Re ThE CONTROLS WETE MANIPULATED 
PY A SICRESARM STICK MOUNTED BN ThE SUBYECT'S RIGHT. THE M8TIAN 
SyStrm RAC CERTAIN LIMITATIB8NS*e FSR TRE SINGLE*AXIS TASK THE 
FEL IPMENT CALLE PE LSED [N THREE AXES (FITCH, YAW, ROLL). FOR 
TRE TweaAXIS TT COULD BALY BE LSED FOR FITCH AND YAW GR FOR 
FITCrR an® ROLL. TRE TESTS WITH PITCH AND YAW WERE PERFORMED 

hI Te tee SLBGECT IN A SeaTED PUSITIAN, aND FOR PITCH aND RBLL 
MATIAN Tee SLEUECT WAS SUPINE, 


i Sityai ANC RESULTS 

A Tee SIMLLATGR FRACTICeE, EACH SUBUECT DID wa SERIES oF DATA 
BLN§, gACr LASTING THREE MINUTES, TO FIND THe EFFECTS OF ANGULAR 
Maryan 6n CAMPeNSATARY CONTROL TASKS. THEY INCLUDED BNE. AND 
TwI.axTS TASKS bryh ANC wiphOUT METyEN, BOTH FULL-SCALE MOTION 
att Re bCel .SCale MATION STESTe IN WHICH THe SCale OF MOTION, 
CaOPPaRel 19 Tre yISLAL INPUT, WAS ReDUCED) WERE EXAMINED, THE 
BeULCelacCALe MaTIAN TESTS WERE PERFORMED Ta INVESTIGATE THE 
MINTMEM REGUIREMENTS GF MOTTON INPUTS 1% THOSE TESTS WHERE mB, 
TIPR was FOUND TA Be BENEFICIAL. LITTLE OR NO OIFFERENCE IN THE 
FRRAR wre aSUReMeNTS weRe OBSERVED IN The SINGLE AXIS MOTIEN/NG 
MBTIAN TESTS, ThE TaSeAxIS TESTS (ENVELOPING PITCH AND YAW 6R 
FrvCe aNC R@LL MaTIAN) CID, HehEvER, PReEDUCE a DIFFERENCE IN THE 
pRERE we aSlReme NTS IN Tre MOTISN/NG MOTION COMPARISENS, A DEW 
CReaSe IN NORMaLTZ—¢C TRACKING ERROF ANC AN INCREASE IN The 
CLPerCaLAGF SYSTEM FREQLENCY WERE ABSERyED wheN MBTIGN WAS aD. 
Mel othe ReEPLCe Ph SCALe MOTION TESTS WeRE MADE WITH THe TWO LAyIS 
FIvTCk at® YAW TASK, THeSe TESTS weRE OBNE IN A SEQUENCE 

Spake ysG hTTR NB MATION, aLL The WAY 7A FULL.SCaLE MBTION, AND 
RaCk 79 N\6 MOTIBN, EACk MATTAN SCALE CANDITION (NONEy 1/1691/80 
174,1/e, ANU FULL) C8NSTITUTED A TEST. THE NSRMALISED TRACKING 
FREBR REMAINED CANSTANT FOR FULL, 172s AND 174 MOTION SCALING 


CAXCLUSYTANS ; 

veTTON MaY OR May het Be A He LP IN CONTROLLING a COMPENSATERY 
CAhyRAL TASK, UpPetOTNG ON Re DIFFICULTY BF tHE TASK AND ON THE 
ReClLIReMe ATS BF Tre MISSIBN, IN GENERAL, ANGULAR MSTIBN IS 
rELFFLL TFS 

te Tee CRARACTERISTICS OF tHe FLANT DYNAMICS ARE SUCH THAT THe 
SLFGECT CAN LUSe Tre LEAC InFaRMATIAN INKERENT To MeTIAN Te 
TICeTEN Tee CANTRAL LOGOF, 1,e. INCREASE THE SYSTEM FREQUENCY 
whITRALT CECREASING THe CAMPING RATIA, AR 

2 Th? QR MOR, vaRTABLES APE PEING CONTROLLED AND THE MOTION 
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TRELTS ALL Sw The SLEVECTS Te BE ALERT TA CHANGES IN THE VARJo 
APLE(S) NOT PEING CLOSELY MBXITARED VISUALLY AT TKE TIMEe 


(wR Se SPECTER e REE REeEER ESE SERRE SES ERE IESE ROR RARER REESE EEE EEE YT | 


PEREERAN, FeF,e ANC FOLT, UeD. MATIAN@HASE SIMULATOR TESTS OF 
LA’ FREGLENCY ATRCRAFT MOTIAN YN THE PASSENGER RIDE ENVIRONMENTS 
NASA TheKX*624b4, 197560 


* ABSTRACT * 
A LARGE aMPLITLECE MATIEBN SIMULATOR, THE NASA*LANGLEY REAL * TIME 
TYNAMIC SIMULATBR, WAS LSED TA STUDY PaSSEMGER RIDE QUALITY 
ACCEP TanCe AF Leh FREGUENCY ayRCRaF rT MaTIONe THE MATION SIMUL Ae 
TOE BAD PReVIA@LSLY BEEN MEASURED DURING ROUTINE AIRLINE FLIGHTSe 
FASSENGER SUPCECTIVE RATINGS OF THE SIMLULATIEN CONSISTED OF BeTH 
NaTve SLPLECTS (PEASPLE wk HAD NEVER PREVIOUSLY TAKEN PART IN 
RITe GCLALITY TESTS) AND EXPERIENCED SUByECTS (PEOPLE WHE HAD 
FARTICIFATEO IN AIRCRAFT ENVIRONMENT TESTS)e EACK SUBJECT 
AS TeSTeC AT LEAST TWICE, THREE OF THe EXPERIENCED SUBJECTS 
wESE TESTED LE TO TWENTY TIMESe 


CASCLUSTARE 

te ThE AIRCRAFT MOTION WHICH PRODUCES SICKNeSS CAN BE REALIST. 
ICALLY STMLLATELe : 

2. SJMLLATUR MATION CAN Be USED FUR EVALUATING LOW FREQUENCY 
AT=CIpFT METIBN IN PASSENGER RICE GUALITY RESEARCH. 

3. A SMALL ALMBER OF EXPERIENCED SUBUECTS CAN BE USED 16 REPREo 
CENT LARGER NUMBERS SF NAIVE SUBJECTS 
4g REPEATED RUSS WITH EXPERIENCED SUBYECTS SHBW NG APPARENT 
EUNeTAeRUN BIAS. 


PORE PCE PCE CSCS EE Boe 8 Ee FL bob k bk bk & Bek teh oieieihaeed Meleieihtehe teh tel 


REE TRSZ, Aes FAVARC, Bes AND YEUNG» Le Re 

ErPCerTTIN GF LINEAR MARIZONTAL SELFeMATION INCUCED BY 
FeSTRReRAL VISI@N (LINEARVECTIBN), 

Ik FReSS IN Tee LOLRNAL OF EXPERIMENTAL BRAIN RESEARCHe 





#* ABSTRACT *# 
Tee pASIC CHARACTERISTICS 8F LINEAR HORIZONTAL MOTION HAVE BEEN 
CrlLeteS, Shue CTIVE LINEAR MOTION WAS TNOUCED BY MEANS GF A. 
MeyIN® CaRT. \VWISLALLY FTNCUG;O LING AR MOTION PERCEPTION 
(LTNpakyeCTIBN) waS SBTAINEN BY PROJECTION BF MUVING IMAGES AT 
Tre FeSTPrcRY AE The VISUAL FIELC, IMAGE VELBCITY AND 
LUM INANCe THRESFALDS FOR TH: APPEARANCE GF LINEARVECTION HAve 
BeeN MeaSleb «NC ARE IN THe RANGE OF THOSE FOR IMAGE MOTION 
Te TeCTION (WITKALT SehSay 10N BF ScLF MBTION) BY me VISUAL 
C¥S¥ew. LATENCIES BF ENSET ARE AROUND 1 SECBNC ANDO SHORT TERM 
AP AETATIAN KAS BEER SHSbkne THE DYXAMIC RANGE BF THE VISUAL 
AN ALYSeR AS LOGEC BY FREQUENCY ANALYSIS IS LOWER THAN FOR THe 
Ve tr TELL aR ANALYZER, CONFLICTING StTUaTIONS IN WHICH VISUAL 
CLeS CONTRADICT veSTIBULAR aND UTHER PRAPRIOCEFTIVE CUES SHOw, 
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Th Te. CAS! AF LINEARVFCTION, A PAMINANCE OF VISION WHICr 
CLP RORTS TRE TOEA GF AN ESSENTIAL ALTHSUGH Ne@eT INCEPENDENT 
fFelp eF& vISTON [TN SELF METI@N PERCEPTIANS 


SHREK EHH eet eet seoene 


HESCA, Re De 

‘Tee EFFECTS oF COCKPIT VERTICAL ACCELERATI6NS ON A SIMPLE, 
PILATED TRACKIAG TASKe! 

"'N9BTR ANERICAN AVIATISBN REPART! 

Nfe NA 61947¢ LAS ANGELESs CALIFA@RNIAe APRIL 19616 

(ALSAP JN "HUMAN FACTABRS', VO@Le 3s 4, DEC 19616) 


* ABSTRACT * 
RETTER FITCh CANTRPL PERFSRMANCE WHEN FITCH METION ADDED 18 A 
ThAN FSG RRECISE MAINTENANCE OF STRAIGHT<AND@LEVEL FLIGHT). 


Thr FEF ART FReSeNTS The RESULTS 65F aN exPERIMENTAL SIMULATION 
S7LEY HF The EFFECTS GF veERTICAL ACCELERATIONS ON The ABILITY 
OF Bruits TI TkaCk a SIMPLE, ONE DIMENSTENAL RANDOM SIGNaL 6N 
Tee =FILAT OFe Rate’ DYNAMIC” FLIGHy SIMULATOR 6F Tke COLUMBUS 
Prypspis 6F Naa, Ty WAS CANCLUCED Hay PyLOArs CBLLD TRACK 
Speer CAN TSS EeTTeR WIth SIMPLE aIRCRaFT ReSPONSe MOTIBN CUES, 
hAse ver, N GUSTS AND TURBULENCE weRe ADDED 7 THe COCKPIT 
MATTAR | etL8; PERFORMANCE WaS SIGHIF IC aNTLY SO EGRACLE, (AU THER ) 


oar COP PPR PPE REPS ERE RE SEEPS SAR ATO ASE RESET EERE RARER RR ES 


Re YRATY, Eee 


S.Ct MOTIEN DRIVE PROGRAM, COMPUTER SCIENCES 
CORRARATISN, MOLNTAIN 


view, CA FOR NASA AMES PR 5-74 AUGUST 1974 


* ABSTRACT *# 
reig Ry pARy CescRiPeS aA MOTION DRI ye O47 rey The SIX gPeGFeg 
Ml FR one mAVING RASE SEATS ot (f. iS 3 PASA SANE S 
Rr CENT TTS PLRPASe IS 74 "ph AVi8e UMeNyaTION OF 
7h MATTOON oat A vig oe .B AN THe EAI 4uc ae TAL COMPUTER 
aN! 7 Be A CCIE, T8 USE BF THIS RAG ve PROGRAM IS 
bPTyte' 76 Be LS_ec SP ECHR ICRLLY WITH Te Basic by TeM OF FLIGHT 


SIMUL ATIAR. 
POU VUTUCUEOIT TT CTIE CLIC Tae eee Tiree eee ire rs) 


Prlirnas, C, fn EGGSPUERLER, Ye Jo, GERKE, R, Uo, CHASE, R, C, 


ant al a « Ee 

SplC te pile PeERFGRMANCE aN srRESS IN STUDENT PILOTS, 
coat ae FREGRESS REFART, i MAR 68 «= 28 FEB 706, 

nak 7A State UNIy,. ReSeak k FeUN ATIBN,» 

CALLMpL oe fre a~C7874 383L4 a~ls8 aD*&60 522 Le MaR 1970° 
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* ABSTRACT * 
TRIS REFART CesCRIPRES The ResULTS 8F DetalbeD aNaLYSeS OF Data 
Cell eCt|ee FRAY FALR STUCENT Meee te PILOTS, TWA STUDENTS 
bar FyyeD wINhG PRI VaTE FILO ICeNSeSs yH, OTHER TWe HAD NeVeR 
FLekN REFBRE BeEGIANING TEEIR TRAINING, Tg SUBJECTS ReCe [VED 
20°25 & WRS AF JNSTRUCTION FRAY A FARMER U.S, ARMY INSTRUCTOR 
bo UrrlbrZeD The PReeSOLA PHASE OF The ARMY PRIMARY HELICOPTER 
TEATAYNG CURRICLLLY aS a TRAINING GUIDE, 'THe DATA INDICATED 
thay p\GpNe GR RATHR RPw vaRTACILi ty IS A FAIRLY SENSITIVE AND 
Relyaplhe [\Dex AF MaNeUyeR DIFFICULTY p~ND BF PILOT SKILL,r 
MEASLREMENT SF SyUCENT FEART RATES INDICATE THAT STRESS EFFECTS 
bee PeSehy CURING DUAL FLIGHT AND THay THe aMOUNT OF STRESS 
<a ee RoaS tke STUDENTS PROGRESSED TFEROBUGH preEIR TRAINING, 
scale FLIGrT, 6N Tre 6@THeR HaND, BeCAMe Less tN bes WITH 
Iho Re ASTNG eXFASLRE, ALL STUDEKTS SHE, B MARKED STRESS eFFeCrs 
PLR NG FRC antl Fan FLIGHT CHeCKS, THe 8BSeRvED STRESS eFF eCrs 
AFFeaR CO 7A Ep PReSeNT whe TH BR NOT The al PERF BRMANCE 
wat PMERAVING DUREKE tHe Caukse OF FLIGKT INSTRUCTION, (aUTHER) 


TORU UES ESCCOCECESEECE SCC OSES EES AEE ES SS eh ok hk ee ee Bd 


PrSwrnGkam, EP, a~ND TAYLOR, FeV. 1A DESIGN PhILOSBPHY FOR Mane 
MaCkiNe CONTROL chsteMs:, GeleCTeO PaPeRS BN HUMAN FACTERS 1h 
tke reSicgh ANc LSe BF CENTRAL SYSTEMS, ED ITEC BY WALLACE 


cr\arks, New YORK; DBvER PUBLICATIONS, INC. 45616 


* ABSTRACT #* ; 
z*2r27CaL EVICENCe SUGGESTS THAT, AT LeaST FOR SHORT PERIGOS OF 
ACTIVITY, THe SIMPLER Tre TASKS IMP@S¢C UPON The HUMAN 6PeRATOR 
5F p CONPRAL SySteM, THe MERE PRECISE AND LESS i &e COM 
KTS &eSpANSES, rE 1g LeaCS 75 The yIgw THAT SpTIMAL MANSMACHINGE 
CONTAL SYSTEM PERFERMARCE Cah e OBTAINED ONLY WHEN THE 
MeChaS[CaL CARPENEKTS BF THe SYSTEM ARE De SIGNED Se THAT THe 
bL Mar Neel aCt GNLY AS A SIPPLe aARPLIF IER, WAYS AND MEANS ARE 
MetCS yeh FOR aChyEyING SLCH DESTGN THRAUGH VUNBURDE NING? 
(FeLigevING Tee SPeRaATOR OF THE TASK SF ACTING AS AN INTEGRATOR) 
ar® +GUICKeNIAG: (PROVICING THE BPERATAR WITH IMMEDIATE 
ehPvlelGe AF he EFFECTS BF HIS BWN RESPBNSES). AIOED TRACKING 

s CreClsSeO IN LiGkT SF THeSe TWO CONCEPTS ANC IS RELATED TB 
VASTELS EFFORTS Te YMPRGVE THe STABILITY BF MANeMACHINE SYSTEMS 
TESFL Gr phe USp OF SPECIAL EQUALIZATIBN NETWORKS. 


errr rrr rr rr TPT PePrPrEererOCE CEPT CC REST ESET ECTS TAPAS A ee hl 
AISCh, A, « AIF PILOT TRAINING DEVICE AND THE LIKE 

FATENT KAO 197940655 

FILED CECe Ss 1629 GRANTFD FEBe 10, 1931 

\® pasTRaCT 

PPRTUREPTECIOTETEP ELC OA ee od 8 
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BLISS, ce Ge 

TNeARMATION FRESENTATION TA THE TACTILE AND KINESTHETIC SENSES. 
Th PERAETs Ees LEGANs Ue AND SPIEGFLe Ye (EDS). 

YelLwan FACTBERS IN TECKNBLOAGY.! 

eLMAN FACTORS SACIETYs MC GRAweFILL: NEW YORK, 19636 


* ABSTRACT # 
Ter MBSECTIVE HF TEIS CFAPTER IS Te REVIEW BRIEFLY SeME OF THE 
PASSTRILITIES ANC LIMITATISNS GF INFERMATIBNAL DISPLAYS FOR Troe 
TATTILE ANC KINESTFETIC SENSES AND TO REPORT BN SOME RECENT 
aPRK DANE IN TRE AREAe ' 


‘Torrrent CS PERU RP ETECE SSAC EeePC SCRE See CESS EERE PS CEE See sD 


PANE Re etre SFATIAL DISOPTENTATION » CURRENT CONCEPTS AND 

AF RAMEN TCAL IMPLICATIONSe REVIEW 7-639 USAF SCK8EL 8F AEROSPACE 
METHCT NE, AERBSFACE MEDICAL DIVISISN (AFSC), BROSKS AIR FORCE ' 
PASE» TEKASs ALGe 1963 


) * ABSTRACT * 
TETS ReyreE* CeFyhceS mahY TYPeS BF SPATIAL DISORIENTATION ANC 
vAT TALS aSFeCTS AF Tke PROBLEM AREA DISCUSSED, THe RECOGNITION 
AE Tee TMFORTANCE PF SPATIAL DISORIENTATIBN IN CAUSING AIRCRAFT 
ACC le tS ANC tke USe BF CAUNTERMEASUReS THROUGE TRAINING ARE 
eh akT 7.0, SeeCral aPPaRaTUS FOR TRAINING TA nage: yee vi Sua 
TRRtyarIANS ake CesCR ine’ ANC ILLUS7RareD, THe Se IN LU The 
TRawPAL ING, REN weegl, LCOSPING CeyICE, yePOle SwING, AND THe 
RLGGLES PRIENTOR. 


SHREK EH HH TPES EP REVERS REPRE SESE SP SRE SE ETRE RE REET ESLER 


“RRR AR, Cys YALNG, L.Re, ANU CURRY, ReE. SENSORY MECHANISM 
METELLING AFRRL}TR#7797¢ 

alyadc-C NL CryISI6N\, a~rR FORCE HUMAN ReESGURCES LABERaTORY, 
wRIGHTSPATTERSSn ATF FARCE BASEs grle 45433 sCTEBER 1977 


S STR * 
tee PLEAS, AF reyS STUCY wae TO Agee bUMAN MOTIGN AND BRIENTAs 
TIAN SERSTNG MeCkahISMS SA TRAT SIMULATOR MOTIEN CUEING SYSTEMS 
Cas He CeSIGNeC 78 rake FULL ACVANTAGE BF Tee CFARACTERISTICS BF 
Teese SehSIRY MeCRARTSMS, JNDIVIOUaL MODELS FOR VESTIBULAR, 
vITLaL, TACTILE, ANC PROPRIACEPTIVE SENSORS haVE BEEN EITHER 
aT aPre™ FROM FeeVIAlLS MECELLING WORK OF FERMULATED FROM AVAIL. 
able EsychePRYSTCal AND NEURPPRYS;OLEG{Cal Data. a COMPLTER 
ayhee a age SeARCH waS CONOLCTED 76 HELP IDENTIFY MATERTAL 
TN Tee aPEA AF PeChaNeReCePTAR SYSTEMS, ANU The RESULTING BB. 
LyP?RKaFry 1S JNCLUDED IN THe REPORT, 


a CePEsrte Male STRUCTURE HAS PerpN PRSPOSED, USING A KALMAN 
Fylvek PleIne Tel zNIGLE TE Ss igh INFORMATION FROM THe 
CIFFER; NT SENSARY MODALITIES INTO A SINGLE ESTIMATE OF STATE. 
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THE KALMAN FILTER REPRESENTS The PRESUMED FUNCTION OF NEURAL 
CNTF ab PRACeSSING. THe MODEL Fas Been IMPLEMENTED IN ThE FeRM 
AF ag CyGryal CavFl reR PREGRa~M, ~XNO PROM]SING PR ao Wap (2 ad En 
SULTS) IN CUaLI Tati Ge AGREEMENT WITH KNOWN HUMAN RESPONSES, HAVE 
RecN SPyatNeC USTNG ONLY vesTIBLLaR MacelL CaMPBNENTS, 


ENFAYAG WORK ys DyReCreO ar EXERCISING THE NANVESTIBULAR MODaL 
Trt_eS, PeRFIRP ING BSabUGh vit [Oa TON AND EXERCTSE OF THe ENTIRE 
MePeL ARC EXTEAP ENG THE MADEL Whee Prgsibl_e, MBNFICATIONS 
Age cye|ectro AS TRIS work IS PURSUFD. 


TORS RUCUCT ERE SERERESE OSES ESE PSE SEE TESS EEC CSAC ESR REESE EERE SS ED 


FARRAR, CeCe FUMAN DYNAMIC ARIENTATION MBDEL APPLIED TO MOTION 
SIVLL ATION. MaSTERIS ThESIS, DEPARTMENT BF agRONAUTICS AND ase 
TRAN ALTICS, MASSACHUSETTS INSTITUTE BF TECHNALEGY, 19766 


* ABSTRACT *# 
tke SRvSRY MeCeL BF DYNAMIC ORIENTATION, IN The FARM BF A 
ReScSete TIME CAMPUTER FROGRAM, KAS BEEN USED TO PREDICT 
NANSyycLaLLY ;FACLUCED SENSATYANS CURING ad 1DEalIZEO CBERDINaTeED 
ATSCR pF, TURN, [7 WAS FOUND Hat artizule aNO ANGULAR Rate 
ELFCcCRTIA@NS MAY Be CANTRACICTARY AND FURTHERMORE, IN A THREE 
G8taTyINal Decker SF FReeCSm SIMULATS8R, IT IS IMPOSSIBLE TY 
chEL Care POTR SyMULTANEOLSLY, TO PREDICT SIMULATION FIDELITY, 
& SIMFLE SChEME WaS DEVISED USING THE SRMSBY MODEL TO ASSIGN 
epNaltieS FAR INCORRECT ATTITUDE AND ANGULAR RATE PERCEPTIONS, 
ATT TEIS SCheME, IT WAS cere Tree THAT A THREE ROTATIBNAL 
Te Ree BF FRee Cah SrMULaTIAN ShALLD PRARABLY REMAIN FAITHFUL 76 
The ATTITLle Fe RCePTION EVEN AT THE ExXPENS OF INCORRECT 
ATTLL AR PATE SENSATIONS, IMPLEMENTING THIS STRATEGY, A 
SrMLLarran PREF IL_e FBR THe IDEALIZED TURN WAS CeESIGNED FOR A 
LI®kK GAToy TRAINER, USe BF ~a SIMPLE BPTOKINETIC DISPLAY WAS 
FRORFSeC AS AN ATTEMPT TO IMPR9VE Tee FIDELITY SF ROLL RATE 
SeNSATIANS. 


Te “pen LOBP SLAVECTIVE TASKS WERE DESIGNED, TS 8BTAIN 
ATTITLSe ANC RELL RATE FERCeEPTISN INDICATIONS, A SERIES OF 
eXFetTreNTS heke PERFORMED JN JUR wBOIFTED LINK TRAINER TO TEST 
THEE CFFECTIVENESS AF THe TASKS AND TO CHECK MODEL PREDICTIENS 
ANT vISLaL CISPLAY EFFECTS. 


WETOPOPTEPIOTETECETECIOTELTerererrrt iret irre reer eres eee eee 
PHekrnhaGeN, o., ROTARY a~CCFLERATION BF A SUBVYECT INHIBITS 


rreICe BeaACTISn TIMe TA MATIAN IN PERIPRERAL vVISI6N, JYBURNAL OF 
FYyFORIMERTAL ESYCRSLOGYs VEL> ices '3's 484°4879 19740 


* ABSTRACT * 
tke FFF ECT OF StS PATARY ACCELERATION UPON CHOICE REACTION TIME 
(Sr) 7h aN ACCELER «TING pahGe7 IN PERIPRERAL vISION WAS THE CENe 
TEAL [SSte IN The ¢yPERIMEtT, *ITH THE LFyclk OF ACCELERATIGN AND 
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TRE VIEWING ANGLE GF THE VISUAL TARGET AS VARIABLESe TWELVE 
PTLATS wERF TESTFC IN A ROTATION CFVICE UNDER CONDITIBNS OF 
VTISLAL STIMULATIAN ALONE AND VISLAL@FLUSeROTARY STIMULATI®BN¢» THE 
ETLETS RESPANCEC TA THF CIRFECTIGN OF Tre VISLAL METION BY M@VING 
4 FWKE CANTRALLER T6 THE RIGHT OR LEFT. VISUAL @PLUS*ROTARY 
CTT™LL ATION FRECLCEC LANGER CHSIICE RTS THAN TRE VISLAL STIMLLA@ 
TITAN ALANEe CRKRICE RT WAS INVERSELY RELATED T@ THE LEVEL 6F 
ACTELERATIAN ANC CIRECTLY PROPORTIA@NAL TA THE VIEWING ANGLEw THE 
FINTINGS ARE CISCLSSED IN CAKNECTIGN WITH THEORIES BF DBLBLE 

ST TeLLATPEN AND INTERSFNSGRY EFFECTS. 


Corer es) Peer rrrrreree sere ere eae eee eee eee et eee See eee er es 


PPRL ACE, Fete 'FLIGHT SIMULATOR MATION, ITS ENHANCEMENT AND 
PETENTIAL FOR FLIGHT CREW TRAINING!. Cae INDUSTRIES REFRINT, 
CA 19650 


* ABSTRACT * 
PrbA+s PN SIMLLATORS WITh "ATION SYSTEMS PERFORM TreEIR TASKS 
wee FRETISELY, WITH LESS TIME LAG, AND WITH HIGHER FREQUENCY 
CAEL ATS IN Tre CANTFSL M@TIONS THAN THEY De IN SIMULATORS 
wTThOLT MOTION SYSTEMS, THe WAY PILOTS eee Ih STIMULATORS 
wT waTr6N Clues 1S CLASER TA The waY ThEY PERFORM IN THe 
alFCRaF ry, TRAINING IN SIMULATORS wy TROUT MOyION TENDS TO Have 
a SeGative INITIAL @R FIRSy SH4S7 7FaNSreR 78 the AIRCRAFT, 


aL eA yz! PRACEELINGS AF 7RIRD INTERNATIONAL SIMLL ATION ANC 
TPATR T\G CONFERENCE, 

eeCyety SF ALTOMATIVE ENGINEERS, 

NEw YOkKK CITY 

WPRIL P4ee7s 19679 60°68 


Pere rT nt ti eee rer ee ee ere ee Per ee PP eT EPP PPC EPPA Pe A 


PEWSERy DAVIE Ke ” 

aT FakCe FL gky CYNAMICS Lay “RighTepaTTERSON af B,. OH 

70735 

AG rer COMPAR TSON Beyheen JRAFLIGHT SIMULATION AND GREUND 
Pates STMLLATION ATAA CONF MAR 460618 1970 (CAPE) 


* ABSTRACT # 
a TLtMahyY GF pee Resllts OF PaStT aNO Tre INTENT OF CURRENT 
FFF RTS, SUPFAkTeD PY Tre ATR FARCE CYnaMICS LaBBRaTORY 
SaReCrel TOWARD phe TRENT IFICATION BF SIGNIFICANT DIFFERENCES 
meT Ct fxTET Betaees GRAUNC.BaSED AND INFLIGHT SIMULATION, ARE 
FRESENTEM. Tre FAST EFFORTS HAVE USED THE VARIABLE STABILITY 
Neos ATRCRAFT aS BATH aN INFLIGHT ANC A GROUND .BaSeD 
SovULarGR, IN TRIS MANNER, THE EVALUATION PILOTS HAVE THE SAM 
Cater yy whD Feel SYSTEM ENVIRONMENT FOR BETH GROUND.BASED AND 
TRAP L Gey SIMULATION, cBNCLUSTeKS ARE DRAWN REGARDING THe 
vpRtaetet Tis ETLA Rat ING wND PTLOT INCUCED OSCILLATION RATING 
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WITR AKC WITRALT AIRCRAFT MATION. AN BUTLINE OF THE INTENT AND 
NTReCTIAX OF a CLRRENT CAKTRACTED EFFERT AND a PARRALL;,L 
TheFGUSE INVESTIGATION CEALYNG WITH AJRCRAFT CYNAMIC SIMILI TUDE 
Relate 78 a FUTLRE INSFLIGHT SIMULATOR AKE ALSO PRESCRIErs 
pRpeR Es ReSUL 7S OF Hes. oe MAY Br AVAILABLE FOR BRAL 

Flr SeNTATIAN AT Tre CANFERENCEe (AUTHAR) 


WREePEreTERECeECEVERCECEOCCC CLEP Cee RRR RE RE REP CEPR PPR EE 


PRARDT, Tekes CICRGANS» VeMes ANC KOENIGs Eos ' DIFFERENTIAL 
cFFecrs AF tL Venous PeRyPRHeRalL VISION BN EGBCENTRIC AND 
= \REERTRIC MATION FE CEFTIANt, EXP BRAIN RES 46 (1973) 47674946 


* ABSTRACT # 
SETAKINETIC STMLLY ALLOW FAR TA PERCEPTUAL INTERPRETATIONS, THE 
RESeERVER MAY FERCETVE HIMSELF AS BrING STATIONARY IN .A MOVING 
SLFRALND (FGACEATRIC MOTION PERCEPTION) BR he MAY EXPER TENCE AN 
pLLLeyoN OF SeLFoMOTyBN, $9 THAT Tre aCyLaLLY MEVING SURROUND, 
IGS aPPeAR TA Be STABLE (FXOCENTRIC MATION PERCEPTION), 

BeSLLTS 1, CIRCULAR MBTIAN GF THE ENTIRE SURROUNDINGS (RO. 
TATING CRUM INVARIABLY LEADS TI AN APPARENT SELF eRETATION (CIRe 
CLLAPyeCTION: Cy), WHICR IS INGISTINGUISHARLE FROM AN ACTUAL 
ChAT? SBTATIAN. 

2, FALLAWING STIMLLLS GNSET, Cv BEGINS AFTER A FEW S_ CONDS 
LATENCY aNC SLOuLy INCREASES ITS APPARENT veLOCITY UNTIL ITS 
SaTCRatyAh, Cy May BLyLaST TRE VISUAL STIMULUS BY aS MUCK as 30 
cel, LateNCres aRe NCEFENDENT SF STIMULUS VELOCITY, 

3. EVEN WrTrk DRUM ac BCE AT LENS UP 7e@ 45 DeGRees PER seCAND 
SCL ARC) STATIANARY SUBYeCTS CANNGT INFER FROM The LACK GF ves. 
TIGLLAR [NEUF TrAT ONLY Tee CRUM IS RBYATING, 

ae WtTh STIMULATION OF The ENTIRE vISUAL FI¢gLO BR SUFFI. 
CIENTLY LARGe PARTS OF The PeERIFRERAL RETINA, THE vELOCITY OF 
APFARENT SFLFeRATATIGN MATCHES STIMULUS spec LP Tg 90°120 DEe 
GREES PER SECANC, AT KIGRER SPEEDS, Cy yELSCITY LAGS BEHIND 
SyIMLLLSE SFeel ANC RESULTS IN ADDITIONAL EGECENTRIC MOTION 
FERCERTIAN. 

&, MASKING Tee CENTRAL vISUVAL FIELD BY BLACK DISKS UP Te 420 
CeeReeS IN DIAMETER SCARCELY DIMINISHES Cvs. CONVERSELY, IF PEe 
RyehkeRaL yIST@N 1S PRECLUCED, STIMULATION BF ykE CENTRAL FIELD 
LF TA 3¢ CeGReps IN OIAMETER RESULTS IN EXCLUSIVE EGBCENTRIC MBe 
TIAN ECRCEPTIAN BF THE SURRGUNU, WITH a CeTRAL AND PERIPHERAL 
SttwiLilsS EGUIVALENT IN AREA, THE PERIPRERAL STIMULUS PREDOMI. 
NATES Cy, 

Me S TMLLTANE BLS PRESENTATION OF COKFLICTING CENTRAL AND PEe 
FIEbeRaL SFTAKINE TIC STIMULI (1eEe, STIMULI ROTATING IN BPPESITE 
TrRecytTesS) FkaS ShOwN TraT EXBCENTRIC SBRIENTATION DEPENDS ON THE 
re® Ter: RAL STIMLLLS WHEREAS MpTAKINETIC NYSTAGMUS AND EGUCENTRIC 
MATION PeRCEPTIAN PeLY ON THe CENTER BF THE VISUAL FIELD, 


Taree ePPECEOTUPOUPECEOSIOCC SECC SESE SET EET ESRC RRS ERASE ED 
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RRAAT Ts Tekes CICRGANSs YGeMey AND PUCHELEs Wey 'MOTION HABITUA® 
TYAN: INVERTED SFLFeMOTIE6N PERCEPTION AND BPTOKINETIC AFTER} 
NYSTAGMLS's EXP PRAIN RES 21 (1974) 33723526 


* ABSTRACT * 

ThE “eCLLOMATER ANT PERCEPTUAL AFTER*EFFECTS' (AE) SF SBPTBKINE@ 
TIT MATION STIMLLATION AS wELL AS THE ADAPTIVE CRANGES DURING 
STIMULATION WERE STLDIECe THE INTENSITY ANO CURATISN BF GPTOKI]. 
NETHC APTER*NYSTAGMLS (AKAN) ANC SELFemeTYJAN AFTER*SENSATIBN 
(CO) ASE A FLACTIAN AF STIMULUS CURFATIGNe THE CIREC TION IS A Rew 
SULT HF Tao CAaVFETING PROCESSES: P®SITIVE TANUS CONTINUING THE 
ACTLAL RESFANSE TA THE STIMULUS AND NEGATIVE TONUS CAUSING A RE@ 
veFSal 1s FIRECTION. FOSITIVE AE'S INCREASE WITH STIMULUS CUR,W 
TITANS UF TO 1 MIN; TRE NEGATIVE AE'S INEREASE LP T8 THE LONGEST 


‘SmTMULLS ILURATIAN TESTEC (15 MIN) AND BY ANTAGONI ZING THE POSIT. 


TIME ace SHARTEN TEELR CURATION ANCE STIMULUS DURATION ExCeEDS 
2 MIR. NPIGATIVE AE'S ARE INTERPRETED AS ThE CONSEQUENCE OF A 
CeNtRaAL (COUNTERAREGLLATION TA The ACTUAL STIMULUS EFFECTS; Me. 
TITAN FABITTULATIENT 


DUR YANG (PRALGNCEL ST MULATION nteees RAG UsT res AUSEs AN APe 
FipFieny CeCReaSe IN eERCeTveD yelLBCITY aXND May Re SULT IN THe SEN, 
SaTPAN PF FERyeC TC Reveksals BF THe DiReCTIGN BF FERCEI VED SELF oe 
MATTAN, CONCURRENT WITR A SHIFT IN AVERAGE EYE POSITION TAwaROS 
The Cpe CTIGN BF Tee APFARENT ReveRSAL OF SELF eMOTIBN, Lee. THE 
NYSTACYIC 'SCRLAGFFLCE! ReveRSeS FROM Tre NGRMaAL RaPlOePHASE.SIDE 
TA The SLOneFRASE AS CIES ALSO Tre CVe 


eCLLEMs Tak ANC PERCEPTLAL Apts SIMILARLY DEPENC 8N STIMULUS 
GUALITIES (eG. CURATION, AREA SF THE MBVING STIMULUS ANC ITS 
LACaTION IN The yISLAL FIelLD), IT IS ARGUED THAT PBSITIVE AgwS 
ARe Cle 74 AN IMRALANCE IN Tke VESTIBULAR NUCLEI BY THe STIMUY 
LUS, ah IT IS FYPGTREZISED THAT MHTIGK HabITLATION ACTS UPON 
THE vESTIELLAR ALCLETLe 


Tite Le ee Ce Pee RP RRR EEE SPE S ESE ESSA EE Be Bee ee ell ie bed ol 


BRANDT, TePes “IST, Eohe, AND OICHGANS, UQM,, rFEREGROUNC AND 
PACKGRGLND TN CYNa~MIC SFatial fRIghtTaATIONe, PeERCEPTIEN AND 
PEVCKSFRYSICSs VALe 17% (&)s (1975)2 497°503¢ 


* ABSTRACT * 
THE TePenCENCY AF VISLALLY JNOLCED SELF.MOTIGN SENSATION UPON 
Ter Copier GF PAYING CANTRaSTS AS weLL AS UPON ADC{ TIONAL STA. 
TYAN pRY COhTRasTs TN THe FAREGRBLND GR BACKGRELND was INVESTIGA» | 
TED. LSING THE CIFFERENT GTOkINETIC STIMULI, A DISK ROTATING JN 
mae FRENTAPARALL EL PLANe, AND Tre PROUECTIGN OF HORIZONTALLY 
MPVIEKG STRIPES ARTE A CYLINDRICAL SCREEN, IT wAS FOUND THAT; 
(pyVISLALLY TREUG C SELF MATTIAS C PeNDS UP8BN The CENSITY OF MB y= 
TNE CA TRASTS aNEAPLY CISTRIBUTED WITRIN THE yISUAL FIELD AND, ™ 
WTTh wm STNGLE CONTRAST AREA BF 174x, 1S SATURATED WHEN ABBLT 30% ; 
AF phe yISlal Fiplf TS MOVING, (e@)ADOITTANAL STATIONARY CON. 
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TREASTS TARIR IT vrslballLY yNCUCE? SELF anes yoh PROPBRy;6NaL Te 
teeTR TenSIty; aNC (3)TRhE LOCATION IN CePTH BF TE STATIONARY 
FORTS ace FAS aq SIGNIFICANT EFFECT UPON THIS [NHIBITION, THEIR 
cFFeCy 1S CANSICERABLE whet LeCateD IN tHE BACKGROUND OF 7H 
MAYING STIMUL] BUT WeAK WREN APPEARING JN THe FOREGREUND, IT IS 
FAXCLEMED thay CYNAMIC vISUgl SPaylal SARI gNtayION ReLIeS MAINLY 
AK TNFORwATIBA FRam Tee SEEN PreRIPRERY, BOTH RETINAL AND DEPTH, 


VWEPEPERPPERUMESESO TESST OESCOES EERE SERRE RESET REPRE SER ERR ARREARS SS 


PRAY, ReSe INITIAL SPERATING EXPERTENCE WITH AN AIRCRAFT SIMUe 
LATPR RAVING EXTENSIVE LATERAL MOATIBNe AMES RESEARCH CENTER, 
MAFFETT FIFLC, CA 'NASA TECHNICAL MEM@RANDUM! x*62, 155 MAY 
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* ABSTRACT * 
LATE IN 4969, A New RESEARCH FLIGHT SIMULATION FACILITY, 
TERMED the FLGrkr SyMLL ATOR FAR aDvaNCeD aIRCRaFT, WaS PUT IN7O 
SEERaTION aT AMES FeSeARCK CENTER, THIS FACILITY FEATURES aN 
eXTeh SIVe Oe ie MOTION SYSTeEX, ee LATERAL MOTION FOR 
ME cy’lEaTIAn A bareraea tie 1 Nal CANTROL TASKS, THIS 
F,AFER MesChrBes ERIeFLY tre MOTION CaPaPILitieS SF the 
oyp"CL yy8R ANC CeSCRyBeS IN DETAIL yHE LAGIC WI TR WHICH TRE 
METIAN CR Ives AR cen etre TH PRAYIOe THe MOST er eECtIVE 
pPPRAytyaTIAts @F zee MOTIONS FF PUGET. PRELIMINARY 
AeSeCoweh TS BE Tee CRFECTIVENESS GF THeSre MOTIUNS, IN TH 
eth a Gan oF LARGE TRANSPORT AIRCRAFTS ARE DisCUSseb, ' 


wTrrrrrrcrrerrrrrrrerrerrrrererr eee eee ee PES ESSEC ERASE ESE REST ET 


BAY, RS, ra S_LCY BF VER,TCalL MAyIAN REGUIREMENTS FER LaNOING 
SIMLLATIONte yRUMAN FACTORS,, 19732 158 561°5686 
ALSR NASA TEChke MEMO TM y"6092036 AUGLST 4970 


* ABSTRACT *# 
TESTS weRE CONOLCTED TO CeTeRMINE THE SIGNIFICANCE 68F VERTICAL 
ACCELERATION CleS IN The SIMULATION OF THE VISLAL APPRBACH AND 
LANSEIKG MAKELVER. LANDING PERFORMANCE MEASURES WERE OBTAINED 
FAS FalR SLALECT PILOTS BFERATING A VISUAL LANCING SIMULATION 
i abaigl 3 IN Tee AMES FEIGHT CONTROL TEST APPARATUS, A DEVICE 
yeey FRAVICES Up TOA + BR « ac FT OF VERTICAL MOTION, TEST 
SeSLLETS FNCICATe TREAT VERTICAL MOBTISBN CUES ARE UTILIZED IN THE 
LANCIANG TASK, AKC THAT ThEY ARE PARTICULARLY IMPORTANT IN THE 
SrMUL A TIAN SF arRCRaFy WITH MARGINAL LONGITUDINAL HANOLING 
SLALTTIES, TO aSSLRE VERTICAL MBTION CLES BF THE DESIRED 
FITeLITY IN Tee LANDING TASK, IT APPEAFS THAT A SIMULAT@R MUST 
kAVe exXCLURSISN CAPABILITIES SF AT LEAST + GR « 20 FT. 


PVEPEPERPEREETEOCCEOE COSC S COCO CT OPEC ESSEC RES ELE SRR RR RRA 


PRAY, &.S,, CRINKWATER, Fed,, ANC EMMETT, BF, TRE INFLUENCE 
SF MEaTSS UN The EFF ECTIVEN¢SS SF FLIGHT SIMULATORS IN TRAINING 
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MANELVER Ge "NASA ATRCRAFT SAFETY AND APERATING PROBLEMS 
CAXFFREACE's NASA SP#27Ca MAY 1971¢ U77"785F 


* ARSTRACT #* 
TEE LSE AF A KEW RESEARCR FLIGHT SIMULATAR HAS CEMEBNSTRATED 
Th VALLE OF LATERAL MOTIBN CUES IN THE SIMULATION 8F MANEUVERS 
PETER C IN TRE TRAINING OF AIR TRANSPART PILOTS*e THE 
AVATLAPILITY BF VERY EXTENSIVE LATERAL MOTION FAS PREVIDED THE 
SFFARTUNTTY TA FARM A TENTATIVE DEFINITION GF TRE MINIMUM 
LATERAL MATISN REGLYIRED TA PRACLCE THE DESTRED SIMULATION 
FITEL ITY. TRE LESS EXTENSIVE VERTICAL MOTION CAPABILITIES O6F 
THE S]MLLATYR FRAVICDED LSEFUL CLES BUT CID NOT MARKECLY REDUCE 
TKE LANGeSTANCIAG FRSBLEM BF ACCURATELY SIMULATING THE FLARE 
XC TALChKEAWA FARTIEN BF THe LANCING MANEUVER, THE @VERALL 
FFFeCTIVENFSS SF Tre SIMLLATBR IN TAKEBFF AND LANDING MANEUVERS 
INVALVING CATER ALeDIRECTIONAL CAKTRBL PROBLEMS SUGGESTS THAT 
THE sciPe GF STMULATOR TRAINING TASKS CaN Ma EXPANDED BEYOND 
Th8ge CLARENTLY PeRFARMED IN FLIGHT ANC SIMULATORS, 


TRC rrr rere eerrerererreLaeeererace ee Rhee EER ERE RR RRR RRR RRR EO 2S 


PPE AM, cote AN ANDOTATED BIRLIBGRaPHY ON THE BEMAVIGRAL aSpECTS 
AF FLIGkr SIMLLATION. aR CAMMaND aND STAFF COLLEGE, AIR UNI. 
VESSITY, MAxweLL AIR FSRCE BASE, AL,» REPORT C290"774 MAY 19776 


* ABSTRACT * 
TEIG ANNOTATED BIBLIIGRAFFY LISTS, DESCRIBES AND EVALUATES 407 
RePAAes, evPRaS TS 15 BN SIMULATOR,/TRAINING OpyICeS FER AIR CRew 
TPAINING, VISUAL SYSTEMS, MOTION SYSTEMS, TRANSFER SF TRAINING, 
PERFAIRv ANC, ANC SITMLLATOR FiOeLIty, A DISCUSSION GF THESE AS. 
Pe 75 ys alLS@ PRAVIDED aS IS A SLBUECT/KEY WORLD INDEX. 


Tr Cr re ree er CaP arerrerreCrereLrOLerTereS eee SSSR SERA SES ESE RES REE SE 


ORK LL,» Kole 
SPU a rOR SLY FF LreWlNG RaNDLING GUa,ly S 
Prune an LIRCRAFT EP CINE BRING CORPOFATIEN, bernekee, Nats 
rCR LUM AN RESEARCK CePaFTMENT REPORT! 
CReqace MAX e 14636 (ALS@ IN ATAA SIMULATION FER AEROSPACE 
FLIGHT CONFERENCE, AUGe 2Ee2R» 19632 CELUMBUS, 6FI6) 


* ABSTFACT * 
a8 FXFCRIMENTAL INVESTIGATION WAS PeRFBRMED TO STLDY HANDLING 
GUALTT IES AF Ib Tew ING FYPE vrSL AIRCRAFT. A FLIGHT SIMULATOR 
CANGrSrING AF a COCKPIT FRee FO PyTCH a~ND ROLL, ANC AN OPTICAL 
PYSELAY sY¥Ster FRevyICING ~ yps¥al JLLUS]EN BF MOTION IN me 
BeMatnysG FOUR CeGReeS SF FREECOM WaS eMPLOBYED IN THIS PROGRAM, 
GLALIFI¢E® PILG7S BPeRATED Berk A LONGITUDINAL THRee DEGREE OF 
FReeSeay pKC a SIx CeGRee BF FREEDOM MECRANIZATION GF A 
SIMULATED 156CGC FRUND TILT.WING TYPE yTOL AIRPLANE, FOUR 
FYLA YTS evabUaree 8VER 35¢ CANFIGURATIONS AT HOVER AND DURING 
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CPNTINLBUS TRANSITIANS IN CALM AJR AND UNDER VISUAL FLYING 
rEe*EITIONSs 


CANTEEL SENSITIVITY AND RATE DAMPING ReGUIREMENTS ABBYUT EACH 
AxTS aT HOVER WERE INVESTIGATES RELATIVE TA Tre PERFORMANCE OF 
MANELVERING TASKS TRAT REGUIRE»s IN GENERAL, MORE POSITIVE 
CastRalL aFFLICATIANS aras 'TRIMMINGt AND MARE FINELY 
FASECyNarTec MUL yyPlL_e CANTRAL UTILIZATIEN THAN SINGLE DeGRee BF 
FREELAM tMAVE AKC STBP MANEUVERS)?! THatT HANDLING QUALITIES 
RECLIREMENTS CEFFAD UPS The MANEUVER IK WHICK THEY ARE 
MEASLR ED AND Tee CEGREE 6F SIMLLATER SBPHISTICATION IS 

CLEARLY slGSecTec EY CAMPARIKG THE RESLLTS OF THE PRESENT 
CTL Y apTe PUBLISkFD NASA DATA REPRESENTING TRE EXTREMES IN THE 
"w~ANEULVER SFECT&SLMe! 


CANTRAL SESPONSE TIME CKARACTERISTICSs aS WELL AS CONTROL, 
acPePyhaMIC Fate, ANC GYRABSCEPIC CHUPLyNG EFFECTS “ERE ALS@ 
INVESTIGATED AT ROVER, The ReSLLTS BF THE CONTROL RESPONSE. 
TIME yARTATIONS ake wOSy INTERESTING, FOR THEY SUGGEST THAT THe 
CRITCRTAN UPBK wkyrCh PRESENT HELICBPTER SPECIFICATIONS ARE 
BaSeh (IleEos TIME TS REACr PRAPER CIRECTION BF ACCELERATIBN) 

TS INACEGLATEe 


TRANS TTIAN HANOLING GUALITI¢S ARE DISCUSSED PRIMARILY wITH 
RetaPC 7A whetheR SaTISFACTION OF HOveR DERI veO CRITERIA IS 
SCFFICreNT TS ENSLARe GHC HaNDL ING QUALITIES FOR THe PER. 
FASwance OF Tre TRANSITIAN MANELVER, THAT IS, 108 HANOLING 
cLalLtries Rer ath ACCEPTABLE DURING a TRANSITION MANEUVER JF 
Sate CAMPING aNl CONTROL SENSITIVITY, whICh ARE ALLOBweEY TE VARY 
TN TYFICAL FASKIAN, ALWAYS REMAIN WITHIN THE ACCEPTABLE FOv_ER 
BEUNP ABIES, §° SpypRaAlL PARAMETERS UNTGU TB yTBL OESIGNS 

(reGeg wIhG TILT RATE) ane ALS! CrISCUSS-D IN LIGHT 6BF THLIR 
gFFeCTS AN TRANSITION HANDLING GLALITIES,. 


The CRITICAL Re SULT HERE IS THAT HANDLING QUALITIES CRITERIA 
“eRTyel FRAM hAyeR AR STEADY FLIGHT EXPERIMENTATION CANNGT, IN 
eeXe Ral, BE STRETCHED TE INCLUDE NANSTEADY (E.Ges TRANSITION) 
FLIChKT. 


wR rrr reece cee eee ere eee Se PCC OTP PPP PPP RP PCE PRPS RRS DD 


eRELL, byTe A SIMULATSR STUDY BF LO@WeSPEED vTOL HANLLING GUALI« 
TIFS JN TURRLLENCE. GRUMMAN AIRCRAFT FAGINEERING CORP. RE 238, 
Ke) 505542 FEERLARY 1966° . 


*» ABSTRACT * 
AN ef eESRIMENTAL STUCY WAS PeRFORMED TO CETERMINEs FROM THE 
FYLET+S FOINT SE view, TRE EFFFCTS OF CERTAIN STABILITY 
Cet tvatives, ATMBSPRERIC TURBULENCE, AKO CONTROL POweR ON TkE 
FANEL ING GLALITIES AF VT6L CRAFT. USING A FLIGHT SIMULATOR, 
GLELIFlerm FIL@TS EVALLATEC @VEK 459 CONFIGURATIONS IN THE TASK 
PF MiyING Tee CRAFT FROM ONe KUVER SPOT TS ANBTHER, THE 
SMLLATAR CONSySr_El BF a CHCKPIT PRAVICING M@7IGN IN ROLL AND 
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Pitch aK AN OPTICAL CISPLAY SYSTEM PRAVIDING AN ILLUSION OF 
METIER IN TRE kKEMAINING FSUR DEGREFS OF FREEDOM. 


TED PRIMARY CANCLLSTON CRAWN FROM THE STUDY IS THAT SPEEC 
STAPTLITYs, EITHER LATERAL OR LONGITUDINAL, STRONGLY JNFLUENCES 
A KAVeERING VEFICLE'S CONTROL POWER AND ANGULAR RATE DAMPING 

RO SUTREMENTSe FURTRERMBREs LATERAL AND LONGITUDINAL 
RECLIREMENTS ARE FOUND TO BE SIMILARs wRKEN THE EFFECTS 8F SPEED 
STARTL ITY ARE TAKES INTE ACCAUNTe 


ees Se ee eee ee eee eee eee eee ee eee eee eee ee Pee ee ee eee eee 


PRE Wh, Neil e 

SeENTHR SCIFNTIFIC @FFICER, BLISO LANCING EXPERIMENTAL UNIT, 
2AYal apRCKAFT FSTARLISFMENT, BECFA@RD, FNGLAND 70 «= 344. 

AN ExANTNATIAN SF STIMULATOR LANCING PR@BLEMS.e AIAA VISUAL AND 
METISN STMULATIAN TECHNOLOGY CUNFERENCE MARCH 16°18, 1970 (CAPE) 


# ABSTRACT * 
Tee LaNO{NG FeRFARMaNCeE BF qHe BLEU StayIC COCKPIT SIMULaTGR JS 
CaYPakel WITR FLIGhy Cata FaR NIGHT CAKCITIBNS IN CLEAR ANC 
Ererrge yISIELLitY, ONLY THe INSTANT SF TOVCHOGHN IS 
CaXeyC ERC FOR the SIX FaRaMeTeERS CeSCeht Rate, LONGITUDINAL 
E8Srryp9h, Lateral Rate, BANK ANGLE, LATERAL PBSITION, AND PITCH 
AXfLe, SINCE The FIRST FOUR SHOWED SIGNIFICANT DIFFERENCES, 
PLIGky ant SIMUL ATAR EXPERIMENTS HERE MaDe [6 Perea Ie Wie pet 
THeSe CALLED Pe CalSeO Ry INHERENT vISUAL DISPLAY LIMITATIONS, 
ReSperCreO Perl pkeRaAlL vISION, “ONOCULAR vISI@N, AND pILOrT. 
RTSPLAY vI, WING CISTANCeE WeRE EXAMINED BUT NO SIGNIFICANT 
cFFe Cys hee FALNC THAT COULD EXPLAIN The SIMULATOR ReESULYS, 
FRAM rers aNC aCNy7IONAL Carga, IT 1S C6NCLUDED THAT SOME FORM 
SF CHCKP YT MBTIAN MUST Fe NeCeSSaRY TO aCHIeve REALISTIC 
LyXCynG PeRFSRMaNCes, The PRESENT SIMULATOR DeveLePMENT 
PReGRa~M 1S DeSTGheD 76 FRONUCE aN TMPRGyED NIGhy DISPLAY THaT 
Te CAMPaTIaLe wITR CACKFIT MATIAN USING DIGITAL TECHNIGUES FER 
THE wePRAACK aNl RUNWAY LIGHTING PATTERN GENERATION, 


Perr fr Lt eee rte reer ee eee eee ee ee eee PSE PPP PP PP PP PP eS Peee 


PRAWN, EyFe ANC yORNSON, Fey. MOVING CBCKP]7 SIMULATOR INVESTI © 
CATTON BF THE MINIMUM TOLERABLE LONGITUDINAL MANEUVERING STABIL © 
TTY, wATIUNAL AERONAUTICS a~ND SPACe ACMINISTRATION TECHNICAL 
NATE H Cope, LANGLEY RESEARCH CENTER, LANGLEY FIELD, VIRGINIA, 


19S. 


* ABSTRACT * 
TReTS Faye Peed Male oh Tee NASA NORMAL ACCELERATION AND PITCH 
(NoPy STeLaTOR LTILIZING A te aa FLYING TASK FOR THe 
BuFers: AF STLCYING THE EFFECTS BN CONTROLLABILITY OF VARISys 
AMALNTS SF AIRCRAFT STABILITY ANC vaRISUS AMOUNTS SF STICK 
FARCe aN PASTTION GRaPIENTS, The SIMULATOR REPRESENTS BNLY 
Ter CACKPIT FARTIAN BF AN AYRCRAFT AR SPACE VerFICLE AND IT IS 
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anle pa ROTATE IN PyYTCH aN) 7A MOVE VERTICALLY, THe MOTIONS 
FreAvrCet RY TFE SIMULATOR aRe TrOS; absddtateo WITH’ THe HORT, 
feral LaNGItleynal Made, 


the ReSLLTS FRAY yes StS INCICare THAT THe MANEUVyER NEUTRAL 
FATNT TS A REASON ABLE Re aRWARD LIMTy FOR THE E IRCRAFY CENSER 6F 
CEaAVI7Y WITH ResPeCct TO CONTROLLABILITY, BEYGND THIS POINT 
CA\TRBL 1S EXTREMELY UNCERTAIN. THe Best PERFERMANC,S IN The 
SyMULareD FORMarION FLYING yaSK WeRe OBTAINED WITH FORC 
GRaCTeNTS MANY TIKES LARGER THAN THOSe SPeECIFI~ED FER GROSS 

waN LVERING FER FY BTER TYPE AIRPLANES IN PRESENTeDAY FLYING 
cuabteies ReGlIReMeNTS, THIS ReSULy INDICATES THe IMPORTANCE 
AF FeRCe GRACIENT TA PRECIS]8N CONTROL, THESE FORCeS WOULD, 
FReeEVER, Be exXCesstVe FOR MahelVERS REGUIRING STEADY 
ACCELERATIONS exCePy WHEN THe cENTE® 6F GRavITY IS at SR VERY 
Ne ak 79 pee MatcUyeR PAINT, FOR pHe CaSeS WITH SOME AMOUNT OF 
STICK FBRCE GRaltehT, PERFORMANCE IMPROVED WheN THe STICK 

FAS TTrTAN GRACTENT WAS INCREASE? FROM 1.43 DPEGREES TO 200 
MeChers AF STICK RATATIBN PeR DEGREE OF TaIl 3 LeCrION, A 
FUR yer TNCReaSe BF 465 DeGhiccs SHBWED NA TMPROVEMENT FOR 
Teepe CaceS, FSR The CASES WITH 7¢RO FARCES, gACh INCREASE IN 
EeSr7 {5h GRaCy, dy ReSsllbyeO yh INCREASED PERFORMANCE, THE 
EYLATE FELT Pence, TRAT THe EFFECT SF POSITION hae Sed WAS 
shall, ReECCT IGN IN aITRCRaFT CAMPING Re SlblL y_eC IN SOMEWHAT 
Late R PERFORMANCE, KSWeveR, THIS EFFECT WAS NOT CONSIUERED 76 
2E é-& 18US IN TRIS INVESTIGATION, THe CIFFERENCES IN 

FEREGRM ANCE AS MeaSURel WITH aC WITHOUT THe PITCRING MBTION 
ne Se veRY SMALL FAR BN Play ANC NeGLyGIBle FOR THe GThER, 
TReReP ARE, THe FITCRKING MATION CleS WeRe NOT CGNS]OERED 76 Be 
AF YMPcRTANCe TH PERFORMANCE IN CLOSEeFORMATION FLYING, 


err rrr rr Cer rrrrrrrrrrrrrerrer acer eee SPP SCE SL ECE RARE RASA Re ED) 


FGRAN, BeFes CHENSANs Helos ANDO MUNGALL»s ReGe (1960); 'STMULae 
TES MATIAN EFFECTS 8N A PILA8TIS ABILITY TO PERFERM A PRECISE 

LA etyLoTNaL FLYING TASK? NATIONAL AERANAUTICS AND SPACE ADMINe 
ISTRATIAN, NASA TNHCo367 6 


* ABSTRACT # 
TaSk« CONSISTS AF FOLLOWING a MARKER WHICH WEULD Be CONTROLLED 
FRAw the CACKEIT INTERIOR » THIS TASK RESEMBLED CLOSE 
FASMAarTI9n FLYING BR REFLELLING IN A HIGHeSPEED FIGHTER, The 
SL7R¢ CTS FeRFORMED THe TASK ALTERNATELY IN A STATIC COCKPIT AND 
IN A CYNAMIC CBCKFIT, RESULTS AND PILAT BPINIGN INDICATED 
EecFereNce FAR CYNAMIC COCKPIT. CANTREL CORRECTIEBNS IN WRENG 
PIRecrTAn weRe SFTeN MACE IN STATIC COCKPIT. 


REE EAHA REE EEE EERE REE HEHEHE HEHEHE ERE HEH 


BEPER,y Celhe ACCELFRATBN AND “ATBR PERFARMANCEs 'HUMAN FACTORS! 
yele ge PRe 475"185s NEYEMBER 1960% 
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* ABSTRACT # 
ryYSERPVERTS CANCFRNING TRE EFFECTS @F aCCELERATION 6N MOTOR 
FrREPRMarCe ARE PYSCUSSEL IN A SEGLENCE WHICR ILLUSTRATES ThE 
FYPLUTISN OF RESEARCH TECRNIGUES JIN RECENT YEARSe JIN THE 
CIMELE ST OF TRESE TECKNIGLES, PERFHRMAKCE IS EVALUATED DURING 
PR IMPECTATELY FALLAWING EXPOSURE TG PRE*PROGRAMMED 
aCC ELE RATION TIME FISTSRIES. A MARE CAMPLEX TECHNIGUE INVOLVES 
TES STLOY SF INTFERACTIBN BOF SUBULFCT PERFERMANCE WITh THE 
FATTCRN AF ACCELERATION EXPERITENCED. ACCELERATIGNS ARE 
ACTLALLY CANTRALLEL BY SLBUECT FERFARMANCE BY MEANS OF AN 
ARAL@G CAMPUTER CANTREL SYSTEMe CERTAIN LIMITATIONS OF 
CENTRIFUGE SIMULATIONS ARE DISCUSSED. 


HEHE HOHE HUH ERNE ORS ON eee eee een ee Rg ee ee a 


PROWN, we Le 

T'vVTSLAL AND MATIAN SIMULATION TECHNIGUESe! 
x¥EAX, LINK GRALF LIBRARY. 

ACCESSTAN NUe 16516 

{CAFES 


* ABSTRACT * 
Tf tke MATIONS SF FLIGHT MAY GIvE FrSe 18 FALSE PERCEPTIONS, 
THER TN TREIR ARSENRCE A PILet “IGHT Be exPeCTeC TA PERFORM 
PeTTER TRAN IN Tee Real LIFE SITUATION, g@HUS IF MOTIGN IS 
ahter, a MARE PESSIMISTIC BUT “8RE REALISTIC ASSESSMENT OF 
FILET FeRFURMaKCeE MAY RESULT. 


THe MAST FREGLENTLY WE ARC QUSTIFICATIGN FOR The ADDITION BF 
PATTAN CheS IS TRAT TREY AFFORD AN INCREASE IN REALISM, WHEN 
*PTS Vl SrIFICaryyJAN YS AFPLIED TO SI7UATIENS IN wHICK M@TI]BNS 
ARE NAT ¢XTReEM TT MUST Be EXAMINED VERY CAREFULLY, THERE IS 
ve=¥ Littke SatISFACTOFY EevIDENCe TA VALIDATE THE ASSUMPTION 
thay pee ACC TIGN OF MBy7zTON CLES TN A LaBeRaTeRY SIMULATER 
ACTLALLY [NCReaSeS Rea~liISM, the yalUe BF a SIMULATOR MUST Be 
od tel IN teRMS AF KAW WELL IT IMPRO6y_ES 8UR ~BILI7Y 7é 
PReCrCr pee WaY a PylOy wILL DE KIS VOB IN the SITUATION whyCH 
TS Perse SIMLLaTEC. 


ter aRyICle IS a GeNeRaL CISCUSSTON OF yHe US BF THe JOHNS, 
vpLbL_e CeNTRIFLGe FAR SIMULATING THE Xey5 AND SPACE VEHICLES, 
TRE FEVER P EMS ENCALATEREC IN PROVIDING REALISTIC LINEAR AND 
pXCLL gk AreEl RaTIGNS AND SOME BF THE RESULTS BBTAINED COMPARED 
tA FILA: CEFARMAKCE IN ACTUAL AIRCRAFT OTHER TRAN Xe15 AND 
SPACE VEHICLES. 


TaSP PPP RP RESP PEPE PCEOCOSSEESES SCR EPSRC EPP E CSTE CRRA REE EEE DS 
PRIWN ob, orvgobal eleMehes IN Fl GHy SIMULaTIONe, UNIVERSITY 
AE ReChesteR, Certeh FMR visual SCreNCe, ROCHESTER, NEW YORK, 


Th AVIATION SEACE AKO ENVIRONMENTAL MEDICINE, VOLUME 47, NUMBER 
Sy SFETEWBER 4576 FAGES 9143-904 
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* ABSTRACT # 
FLIGHT S{MLLATSRS FAVE BEEN IN USE FOR MANY YeaRS AND THe]YR 
valle Has FEEN AMPLY PROVEN, MANY BF 7ADAY'S SIMULATORS ARe 
VERY EXFeNSIVE, BLT TREY CAN PAY FAR A pet BY DECREASING 
C8S_ ahC INCREASING SaFeTY IN TRAINING PILS7S 78 FEY COMPLEX 
ANT exPeNSI ve MACERN AIRCRAFT, ri ASPECTS BF AIRCRAFT 
Ces pRel Bpese 6\ AN EXTER 108 VIgwW FROM THe AIRCRAFT TG THE 
SL7rotle VISUAL wARLO, TRAINING IN THES ASPECTS OF FLIGHT IN A 
SyMLLar6R SeGlkyRes SIMULATION OF yHe VISUAL WORLD 78 THe 
EXTENT THAT CLES ape tee FRaw [tT Nee 79 Be EMPLOYED BY THe 
Frley, a NUMPER BF MANcUVERS CANNGy Be PeRFERMED WL THBUT 
SpReCqp vrSlal ConzaCr UNCER NORMAL CIREUMST ANCES IN COMMERCIAL 
aS WelLL aS IN MILITARY AVIATION, THE IMPORTANCE OF INCLUDING a 
StvLLarIAn OF The exTEA Se WARLE [S NO@w ACKNOWLEDGED, 
LNFeRrUNaTeELY Tre E 1s CURRENTLY N@ S@LICD SCIENTIFIC BASIS F@R 
CATAL GING VISUAL CLES WITH RESPECT Tg THEIR IMPQRTAKCE IN 
apeC@aFy CANpREL, shyS RePHP ReCAMMEADS ReSea~RCh 76PICs, 
Te CPN TGLES ANC STRATEGIES THaT S BULD ReCelve MORE ATTENTIBN, 
Ty aLs# Mas a oeCrrAN OR MAayreN SyMULATION, 


TORR PUP UEUEEREEEESOEEOEU SCC AS ERPS ECO EES EPC CAESAR DD 


PRAWN, Cyl. ANC PLRKE, ReEe THE EFFECT BF POSITIVE ACCELERATION 
st yiSbal REACTIBN TIME, YEURNAL BF AVIATION MEDICINE, VOLUME 
2S» PAGES 48°58, CANLARY 19586 


* ABSTRACT # 
Th Tre EXPERIMENT REPORTED HEREIN, TWO wIDELY CIFFERENT TEST 
LIGHT LUMINANCES weReE USED TA INVESTIGATE THE RELATIONS GF BOTH 
C TALERAKCE ARC REACTION TIMe TAH TEST LIGHT LUMINANCE UNDER 
ExSItiye ACCELERATI AN. Twa TEST LIGHT FeSITIghS, one IN THE 
FAP Fee TPRERY AND PRE IN THe NEAR iy len weRe EMPLOYED TA 
CeTe SPRING whe THER ACCELERATION TOLERANCE MIGHT Be LOWER AND 
Fe ACTION TIMe MARE PROLONGED FSR TeST LIGHTS AT GREATER ANGULAR 
"7SPLaCeMENTS FRAM The FOvEA, 


tr May 8 CONCLEMEL TRAT VISUAL REACTIAN TIME COES SHOW SOME 
Ry LaTION TA The level SF PASITIVE ACCELERATIAN, The 
VAPTABILITY 8F Fo aCTIOh TIMp 1S SUCK HAWEVER TRAT INDIVIDUAL 
MeaSlLaes CA NBT AFFORD vA RELIABLE, DIRECT, QLANTITATIVE INDEX 
2F The PRYSIOLOGIC EFFECTS AF POSITIVE ACCELERATION, 


Tr JS FSSSIBLe BALY TE SPECULATE CONCERNING Tre SIGNIFICANCE OF 
SL7eeCTSs a PRE rs BF THe FAILURE 8F FORE VISION WITH THE 
hIGkER LUMINANCE TEST LIGHT, NSELL (1651) HAS SUGGESTED THAT 
FENCTIANS WRICK UNcERLTE FACILITATIAN AND INHIBITION IN THE 
Mahal tTaN \TSLeL SYSTEM MAY Be The FIRST T8 SHOW EFFECTS OF 
ANPytp, IT SeeeS LIKELY THAT SUCH FUNCTIONS aRE OF 

IMFPR race IN FARM CISCRIMINATIAK, THe SUBJECTIVE REPORTS OF 
CyYP ING SF PERIFRKERAL LIGrTS ANC TUNNEL VISTO8K DURING POSITIVE 
aCCeL RATION MAY ACTUALLY REPRESENT A BREAKLGWN OF FORM 

SPSCR IM TNATIAN WeYCh FIRST ACCURS IN Tee PERIPHERAL RETINA AND 
TkeR SEREADS Th The FOVEA, THE SIMPLE DE TECTIUN 8F A TEST 
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LISkY FLAaSk MAY Pe FOSSTBLE RIGKT UP TS TRE POINT OF 

LAT BKSCTALSNESS TF TRE VISUAL FIELD IS SUFFICIENTLY DARKENED, 
1F a 72ST LIGkT AF SUFFICIENTLY bIGH LUMINANCE IS EMPLBYED AND 
If SLBLECTS ARE TRATNED TA RESPAND TO AXY CHANGE IN CIFFUSE 
LISkT akICk IS APPARENT IN TRE VISUAL FIELD. 


Tet ee eee eee eee ee ee eee PP CPP PPP PP Pee Ce Pe ee PPP PP eee Pee eee ee ST SY 


PRAWN, Gebe ANL COLLINS, CeCe YATReTBeAIR TRACKING DURING 
CLAcsereLABF CENTRIFLEE BFERATISN', UeSe NADC AVIATION MEDICAL 
ACCELESATIUN LARARATIRYs NADC/MA#5803% MARCH 1958¢ ALSO Je 
AVTAT. MECes 293 79482 BC4e 


* ABSTRACT * 
Tee FILATS ASC TRREE NONSPILATS PERFORMED SIMULATED CHASE 
FLTGhT TASK SN STATIC AND DYNAMIC CENTRIFUGE. PITCH (AND, 
INSTGNIFICANTLY, ROLL) PERFORMANCE WAS BETTER IN The STATIC 
ErMLLaTION, beILE LATERAL CaeBRCINATION (CONTROL BF SWAY) WaS 
eeTTER IN THE CyNaMIC SIMLLATISN, HENCE COCKPIT ACCELERATIBNS 
AFe JMPBPTANT SINCE THEY CAN ElTRER INTERFERE wITH PERFORMANCE 
Qf FRoyINte LSEFLL INFERMATIBN. 


Teri rer re ee eee Pee ee eee ee ee TCC R PPP PPPS SCP RSS TSP PPE ES 


PEAY, we Gee ELLIS, We Be Bay WEBB, Mi Ges ANC GRAY R. F, 
tyke gFFeCT BF SIMULATED CATAPULT LAUNCHING ON PILOT 
FERFGRMANCEe! 

Ly S, NAVAL ATR CevelLOFMENT CENTER, 


AVTATION MECICAL ACCELERATIAN LABBRATBORY, 
REFRRT NAe NACCeMA=57194 CECEMBER 314 19576 


“e 


* ABSTRACT #* 
FALR SLBYECTS wWeRE ahi 78 ACCeLeRaTIAN PATTERNS WHICH 
Qr™kiare® rhe aCCeLenat! NS OF CATAPULy LAUNCKINGS Lp 78 
114% 364 SbByeC7S weRE TRAINED IN A TASK WHICh REGUIRED 
aN€es OF a StaNCaRD PyTCR aND RALL IND CATR, SCORES FOR 
F RE mew ahr heRe APTAINeD DURING a CBN7ROL PERIOD PRIBR 7e 
AEF LeraTIAN  XPASLRE AKC IMMeCTarTeLY FBLLOWING EXPBHSURE, 
FeRF ARMY gnCe IPM eC rarely F@LLAWING lia SHeWeED NBO DeCReMeNy 
ay ANY LeVel AF aCCebLeRaTION WREN CAMPaARED WIth PERFERMANCE 
FRIAR 7A EXPASLAE, SOMe CIsce”FORT AT THE HIGrER LEVELS OF 
ACCELERATION bas ATTRIPLTED TA A NEGATIVE COMPONENT OF 
aCCeL-RatlAN Bh The SUBLECT WHICH WAS PROPORTIENAL TO THe SINeE 
BF tee ~NGl&e FakheD BY the spaTePaCk WITH THe VERTICAL. 
(AL TRAIL) 


TWwRERUUMOPBREPBREERPUSCPESESE SESE CECE EESROSEP RESALE ESSA ESE RRARR AE TS 


ARAWK, ogbhe, KLERNEL, Hy, NICHHLSON, F, AND FUTTERWEIT, A, 
rVALICITY AF The CeXTRIFUGE AS A FLIGHT SIMULATOR1, U.S, NAVAL 
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ATR CeveLOPMENT CENTER, AVIATIUN MrOICaL ACCELERATION LAbDORATS. 
Gy REESRT NOe NADCeMA=6C#16s 196060 


* ABSTRACT # 
FELR PILATS, TWA NONSPILOTS FLEW PrTCH ~ND ROLL Task SN CR OS. 
FLaY rh aIRCRaFy, avD IN StaTI© ANG DYnaMIC CenyRIFUGE SIMULA, 
TION, FeRFORMaAKCE IN DYNAMIC CENTRIFUGE INFERIOR TO THAT IN STA, 
11°; CANSISERED Eu. T6 spURyEUS ANGULAR ACCELERATIONS NEEDED 78 
ChatGe LINEAR G MAGNITLCe OR veECTOR, PILOTS PERFORMED CONSIS. 
Tes TLY FEeTtER IN AIRCRAFTS a NON.PILOT ACHE Ver BeST PERFORMANCE 
AN Cen TSTFLGE, PRSERVATION THAT PILOTS, USED TH REAL MBTION 
Cles, “aY FItc Ty MORE CIFFYCULT 7A Lea~RN TE WFLYt CENTRIFUGE 
TRAN Of NAIVE NSNSPILOTS, 


RRP eR REPRO RE RESP SESE SESE PRS CSRS EERE REECE RS EPS ER ARES SEE 


PRAWN, Cebe, KLeERNEL, H,, NYCHSLSON, F, ANO FeTTERWeIT, Ag, "A 
CAMEASISAN GF TRACKING PERFORMANCE IN ThE TVeo AIRCRAFT ano THe 
aCl. CoYPUTERs ar aL BLUM aN Cen TRIP UGE SIMULATION GF THIS AIRCRgF ye, 
NATC MASECIEO/NARC#AC*60C8s YGHNSVILLEs PENNes AD 250 129% NOVe 
1GFC.e 3 


* ABSTRACT *# 
A TRACKING TASK WAS PERFERMED #Y EACH AF SIX SLEYECTS IN a 
Tyee AIRCRAFT, IN A STATIC SIMULATION BF THE AIRCRAFT AND IN 
FACK eF Tho CentRyFuGe Meles OF syMULATION WhyCh PRevIDED 
aC cL cRaryeN FakCes SIMLLAR re ThASe EXCBUNTERED IN THE 
arsSCraFT, CENTRIFUGE ACCELERATIENS Were CONTROLLED BY PILOT 
Ce SFARw ANCE IN tee SIMULATION, A PRELIMINARY. ANALYSIS OF 
TRACKING FERFARMARC WAS CONDUCTED BASEC BN ABSOLUTE ERROR, IN 
BARTER +O FeRFARM pRIS ANALYSIS IT WAS AeCeESSARY TO FILTER 8uT 
LAS FROGLENCY EIASES WHICh AFFECTED DATA IN The AIRCRAFT BUT 
N8T IN THe CENTRIFUGE, CENCLUSIENS FRAY THe ANALYSIS MUST gE 
GLELIFIeD ACCAFCINGLY, TRACKING PERFORMANCE ON ThE CENTRIFUGE 
wAS INFERIOR 7A PERFORMANCE UNDER STATIC CONDITIONS, IN THe 
CaSe 6F FELR SLEVECTS WhO ARE GLALIFIEC PILOTS, PERFERMANCE IN 
the AJTRCRAFT WAS COASISTENTLY SUPERIOR TE PERFERMANCE ON THe 
CehtRIFLGE ANC FREGUENTLY SLPERIBR TE PERFORMANCE UNDER STATIC 
CeXCITIGhSe Tre SLAVECT, A NON@PILET, wHO HAC THE BEST PERK 
FaSwance 6h Tre CENTRIFUGE, KAC THE PeaREST PERFORMANCE IN THE 
ATTCRAFT, A SPeCTFAL DeNSTTY ANALYSIS 8F RESULTS UF THE 
eXPeR Ihe NT WILL Pe PRESENTED IM A SUBSEGUENT REPORT, 





In A GLESTIGNNAIRe, ALL SUBUECTS RATED THE AIRCRAFT BEST IN 
TeF™C SF CONTGSL RESPONSE AND TENDED TE FAVOR THE AIRCRAFT 
Syrh avy SF Tee SIMULATIONS, SLBUECTS REPORTEC THAT 
ACTeLEFATIONS SN The CENTRIFUGE WERE REALISTIC AS COMPARED TO 
ACTeLeFaTIShS IN The AIRCRAFT UNCER STEADY STATE CONDITIUNS, 
PUT TE.Y Segre’ SOMEWHAT UNREALISTIC OLRING RAPID TRANSITIONS 
Frew axe ACCELERATION Level TH ANG@THER, IT IS CONCLUDED THaT 
Ter CENTFIFLCE IS PEST SUITED FAR THE SIMULATION OF (L8NG 

RLF ATPIN, RICK MAGHhITLCE ACCELERATIONS BF THE KING wWHICh WILL 
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PE ENCAUNTERECD IN SPACE VEFICLES SUCH AS THE x=15 ANC THE 
MERELEY CAFSLLESe (AUTHORS) 


PEP SEE PEELE CELE CLC CLL ee Ce os ok Ch Tt 


PRAKK Cebe AND LECRENER, Me tACCELFRATION AND HUMAN PERFOR} 
PANCE 3 a SURVEY BF RESEARCHts AVIATION MEDICAL ACCELERATION 
LATRRATHRYs LeSe NAVAL AIR DEVEL@PMENT CENTER, JORNSVILLE, PAS 
foe AYVTATIUN PECICINE's 19560 27s 32°4Ge 


* ABSTRACT *# 
TRTS RE ESRT SUMMARIZES THE JMPBRTANT RESEARCH WHICH HAS BEEN 
CENELCTED TS CATE SN The PRABLEM @F HUMAN PERFERMANCE UNCER 
ACCELERATI te TRE MATERIAL HAS PEFEN GREUPED ACCORDING Te FIVE 
MAGAG FEACINGS; Tre SE'SES, SI”FLE “OTER BEHAVIGR, COMPLEX 
TASKS, CPOENITI VE PRECESSES, ANE PSYCHOLOGICAL EFFECTS» 
TeESEARCK RELEVANT TA EACK SF THESE CLASSIFICATIBNS IS REVIEWED, 
IMFAR TANT GUESTISNS WHICH APPEAR 7S RemaIN UNaNSweRED ake 
GATSel, aNO SLgErSTISNS ARe MACE REGARDING DESIRABLE LINES FER 
FUTLRe Re SEARCH, IT APFEARS ThAT ONLY A VERY LIMITED AMOUNT OF 
ReSpARCr FAS Been CanOUCTeD RELATING TA ACTUAL PERFERMANCE 
SeStENEES WHICR MaY Be ReEGU]REC BF PILATS EXPESEl TA 
RECELESATIAINe 


TOC PPC LES EPC CCCTCOCCCCE CCC COSC Ce CT eee cc tT Sf | 


PEAKKR yg we lees WAACKARDs Le Ke ANC P 1DCack, Ge Be 

IREFi€aL SIGHTING: ThE EFFECT SF POSITIVE ACCELERATION ON FHE 
EYLATS READ FASITIENe! 

Lg .Sg SAVAL_AIR DeveLOPMENT CENTER 

Aytatren MEDICAL ACCELERATION LARBRATARY, 

REFART N@e NACCeMA 55069 AUGUST 3» 19556 


* ABSTRACT * 
KET ke LSTNG aN SFrICaL GUN sTGFy, Iz IS NeCeSSaRY FOR a PILBT 
fA RestRiCr Tee MOveMeNy GF HIS ben IN BRODER 76 MAINTAIN VIEW 
BE Fke SyGRTING Rertcle, THe ABILITY SF TWO KLMAN SUBJECTS TB 
MRINGAIN TheTR keabS IN Relatively FIxeD PBASITIENS WHILE 
EXFAS, FO PAST yI ve ACCELERATIGN WAS INVESTIGATES ON THE 
CeSr8tFtGe. IT kAS FOLND THAT head POSTTISNS RANGING FROM 
FAFhaRO fNCLINaTION BF phe Heal 78 SLIGHT ELEVATIGN AND 
PACRKARRE TILTING SF The KEAD COLLD BE MAINTAINED AT 
ACCeELEFATEONS LF Tl 5G. EVEN AT THe HIGHEST ACCELERATION, IT 
hat PAce Eke teALGh Wyte CYFFICULTY, TA Make CONTROLLED HEAD 
MAverente HPFesite TA Tee DyRECTIBN OF tHe FuRCEe OF 
ACTELEMATINN, FGWEVERs AT LEVELS 95F ACCELERATION ABBVE 3G, 
BTR SUPSECTS ReFektel THAT THE MAINTENANCE OF A FIxeD HEAD 
FASttruN, ESFeCTALLY WIth THe yo INCLINED FHRWARD, REQUIRED 
CBM SrCeRable exeRTION, IT WAS CONCLUDED THAT ag DRE * 
ACTE EEF ATION BF tke MAGNITUDE ENCOUNTERED IN PRESENT DAY 
ATTCRAFT CUES NAy SPRIGUSLY INTERFERE wITH THe MAINTENANCE OF 
FeaC FRSTTIOBNE Fe @uyR_ed FBR BPTICAL SIGHTING, (AUTHOR) 
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'TRAINe 


INS EFFECTIVENESS FVALUATION BF DEVICE aFa7F, Pe3C SPERATIGNAL 


SLIGHT TRAINER’, 


NA 


TRAINING ANALYSIS AND EVALUATION GROUP, REPBRT 


* ABSTRACT *# 


THF PLRFRASE IF TRIS STUCY WAS TA DETERMINE THE TRAINING 
FFFECTIVENESS @F TRE NEWLY INSTALLED DEVICE ef a7F BPERATIBNAL 
FLIGHT TRAINER (fFT) AS A SUBSTITUTE FER THE GFARLIER GENERATION 
eFaSf SFT LSEC IN COMBINATION “ITH THE Fe3 AIRCRAFT IN TRAINING 
ReFELACEMENT FATRSL PLANE PILATSe THIS STUDY PROVIDED THE 
PFEARIUNTTY Ta EVALUATE TREE POTENTIAL AF A SUPFISTICATED STATE 
AF tke aPT FlLyGer syMULaTekR CaNCLRRENT WITH r7S CoM]NG ON LyNE 


Th 


I 


SPCRATIONAL SETTINGe 


TRE PekFeRMANCE 8F 27 RECENT UNDERGRADUATE PILOT TRAINING (UPT) 
CFACLATES TRAINER IN THE NEW BFT WAS CaMPARED wITh THE 
FeSFagmanCe OF LPT GRAPLATES TRAINED UNDER The PRE «ar 87F 
CLFRICLLLMe 


LYTLTZING TRE WKeW oFa7F DeEvICe IN TRE ANGOING Pa3 PRAGRAM 
SESLLTEC INS 


A RECLCTION BF IN@FLIGHT TRAINING TIME REGUIRED FOR THe 
CSVPLETISN BF THE FAM/]NST PHASE GF REPLACEMENT PILOT 
TRAINING 


A ReCUCTIAN IN NUMBER BF PRACTICE LANDINGS IN The AIRCRAFT 
FogM S2 T9 36 (31 FERCENT) ANC 


A R-CLCTIAN INK AVERAGE TRAINING TIME OIFFERENCES BETWEEN 
FAST ANC SLO, LEARNERS, 


TT was CANCLLCEC JTRATS 


Sl 


Ss 


Tee AVERAGE NUMBER OF FLIGETS REQLIRED Te GUALIFY PILOTS 
CHLLC BE RENLCED FReM six TA FeUR, 


PRACTICE LANCINGS IN THe AIFCRAFT COULD BE REDUCED BY ye, 
Tee NARRGA eteup 8F yIgw yvISUAL SYSTEM ENFANCES THE 
TRAYNING CaFaEILITY OF THE New STMLLATBR AND APPEARS Te 
Mcet THE REGLIREMENTS FAR MULTIENGINE TRAINING, 

GLeNT PkaSeS GF STLDOY aRe EXPECTEC TE ADDRESS THE ISSUES; 
tre EFFECT SF INCREASED SIMLLATOR TRAINING 


INCREASING The PRECISION “IF MEASURING PROFICIENCY 


aSScSSmehT SF AN INTEGRATED SIMULATOR/FLIGHT REGIME 
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ChWPAKED TS A PLOCK TRAINING PEGIME AS USED IN THIS 
STUNYe 


AN -VALLATIAN AF TRE CANTRIBUTION AF TRE METIGN SYSTEM TE 
STLMENT FERFBRMAKCE AND PUSSTRLE PRYSITOLEGICAL EFFECTS; 
Te Fes METTAN SICKNESS 


CETPpRMINATISN BF MEANINGFLL SUBSTITUTION RATIGS THREUGE 
CAMPAKISEN SF pa SIMLLATAR=TRAINED GROUP wITH AN AIRCRAFT 
YNLY TRAINED CROLP, AND 


ASSESSMENT AF THE EFFECT OF LASS AF VISLAL SIMULATIEN 6N 
TEATNEE SLBSTITLTIAN VALUES» 


we rrrr reece eee eer err eee ee er ree Ree RS RRS RSS SP PRP ee Ye 


PRLGK, S ebe AND MCHLGHs, weGe FLIGHT SIMULATSR STUDY @F HUMAN 
FESFARMAKCE CLRING LOW=ALTITUDEs HIGHSPEED FLIGHT. UeSe ARMY 
TFANSEGRTATIAN ReSeaRCh CAMMANC, FORT EUSTIS, VIRGINIA, (NORTH 
AMPETCAN AVIATION, INCe CBLUMBLS, OHI8) TRECBM TECHNICAL REPORT 
63-57 \gVEMBER 1963, 101 PP, AC 429 114 


* ABSTRACT * al 
aN [Nye STIGATION BF TRE INFLURNCE 8F LOWeALTITLDE HIGH-SPEED 
FLICK] CANCITIENS GN INFLIGHT SPERATGR PERFERMANCE 6F 
CheypTLLanCeeCentereD TaSKkS IS RepARTEC, SIx ARMY PILOTS AND 
FALR ~lkyY BBSERYyERS Flek ,~PPROxIhAaATELY 278 bKGURS AN SIMULaTeD 
THREE SRALR MISSTANS INVOLVING Five RMS GUST INTENSITY Levels 
ANT Tah AIRSPeeCS, The FLIGHTS Weke MADE IN a MOVING BASE 
SITMLLATAR THAT BAC A TATAL TRAVEL SF APPROXIMATELY jo FEET, 
asl aCCeLESATIAN CAPABILITY GF + BR = 6 Gy A FUNCTIBNAL CONTRAL 
Sy¥Ster~, AND AN ASSACIATED ANALYG CHMPUTER FeR gBTAINING 
SALUTTUNS TO EGLATIONS SF MATION OF A MECHANIZED AIRCRAFT, 
PATA weoRe ANALY2eC IN TERMS GF RUMAN PERFORMANCE ASPECTS BF THe 


MISETA'S. 
wErrrrrrrrrrrrrerrrerrcrrrrrrrelirrrererer rr cr cei rirerriririrer yt) 


PRILL Ey Reve ANC MORAN, Wed, DYNAMIC FLYING GUALITIES CRITERIA 
FVALLATION, REPART seth ellie re AIF FORCE FLIGHT DYNAMICS 
LaAPARaATeRY, AIk FORCE SYSTEMS CAMMAND, wRIGHT PATTERSON AF SO, 
ARTA, YANe 1975 


* ABSTRACT # 
pS EvALLaTION AF WILeF sa7 gob (ABG) LAENGITUDINAL AND LATERAL 
MyPeCyraral C¥AaMTC FLYING QUaLITyES ReCUTREMENTS AND OTHER 
Cet teh a WAS CANCLCyED LSING SIMULATOR Data COLLECTED DURING THe 
MevelaPhe nt GF tke Fes FLIGHT CONTROL SYSTEM, BETH BPEN AND 
CLAcer (PILOT FLUNCTTAN FNCLUDED?) LAP METHODS WERE EVALUATED, 
ree APPLICABILITY TA FIGKLY CONTFOLSAUGMENTED AIRCRAFT WAS Dee 
TeRMTNEC, THe Data PASE CONSISTED BF The SIMULATOR RUN SCHEDULE, 
FL®t KaTINGS AND PILOT COMMENTS, Ap ROCYNAMICS, CONTROL SYSTEM 
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CESCRIPTION AND ATRER MATERTALe A LITERATURE SURVEY BF FLYING 
GLALITIES CRITERTA IS PRESENTED. 


woe OPC ER TERE RCE PRE E LER EES EPC PARR ERE ES eRe EL eT eR SE PE eee eee eee ee 


PLCKGUT, Re 8A WORKING EIBLI@GRAPHY ON THE EFFECTS OF METIAN 

BX bLMAN FERFARMANCE'. BEKAVISRAL SCIENCES LaBBRATBRY, 657TH 

se SP SpaACE mgeicat RESEARCH LaBrRATERIES, Ack8SPaCe. MEDICAL Clyle 
ETN, ar® FARCE SYSTEMS COMMANC, WRIGHT PATTERSON AIR FORCE 
paSe, @rr@, TeCk\ Cal CAaCUMENTARY RepBFy NO, MRL eTDRagae77, 


eu y 19éR°¢ 


* ABSTRACT * 
IN TRIS RIBLISGRAPFKY A LIST OF RFPARTS 1S COMPILED FROM a 
NLMPER AF Bree eR NeS we CH Bear gh The PRaBLEM BF MeTION AND 
17% EFFECTS ON FLUMARK PERFORMANCE, PSYCKAPHYSTOLOGICAL REPORTS 
IX tke AREA BF SPATIAL GRIENTATION, PERCEPTION AND RECEPTOR 
MeChANITSMS FRavyl¢ PaCKGROUND FN THe HUMAN @RGaNISM YN ReLarI6N 
TE MPTEON STIMCL IG IME cPbeCys OF Aesegr aCe ver iChe MOTION ARE 
RePReceNrel SY , CahPylLaTION OF S7UDIEes OF Per racing UNDER 
ACT eLeGarI6N, VIGRATION, AND BLFFETING, TUMBLING AND WEIGHT. 
LeTEhcSe, FINALLY RePBRTS BN TRAINING aNO MOTION SIMULATION, 
cS TPMeNe ANC MepeACBLAGY aN? GeNeRal anal YSes BF The WHOLE 
FESPL eb AREA ARE FReSeN TEC, 


TEP OPUCE TEESE SS LS Sk fe Sk Redd ceded i Bieiettih MelieMedieteh th Meieieet teh deh diel 


ELOKRALT, Res SKERMANs hes GOLCSITH, TeCos ANC VITALEs Fede 
mrhe CFF Cy SF yARTATIONS IN MOTION FIDELITY CURING TRAINING ON 
9% spa, CAYTEN, AhIG, CECEMBER 19636 


* ABSTRACT # 
ThveStIGaTION GF TERRAIN CLeARANCe TASK USEL GROUPS OF g 
SLPLECTS IN EITHER STATIC CACKPIT, 8R GUASTeDyNAMIC COCKPIT 
(1 Cvs SyNUSHYCAL SIGNAL TA GIVE IMPRESSION GF BUFFET) BR 
CyNAMIC COCKFEIT (pITCK ANC HEAVE ACCELFRATIONS, BASED ON 
VAS TSLS SEVERITIES BF TURBULENCE LIKELY T8 EE ENCOUNTERED AT 
25° Tee? ABOVE TERRAIN) + PERFIRMANCE WARST IN STATIC COCKPIT, 
BEtT [XN REALISTIC DYNAMIC. 


INVESTIGATION COMPARED FERFARMANCE AF GROUPS BF 12 SUBVECTS IN 
4 SePRESeNTATI ve SIMULATION (PITCH, ROLL, ANC hEAVE 

ACTEL ERATIONS) AFTER THEY HAD LEARNED The TASK IN EITHER THE 
S7a71C CHCKFIT, BR ThE FLLLY DYNAMIC CACKPIT, 8R THE COCKPIT 
CRTVEN BY 334% OF The FULLY DYNAMIC MOTIONS. BOTH GROUPS, 
TEATH ER WITH MATION CUES PERFORMED BETTER THAN THE 6NE TRAINED 
aITRALT PLT CBLLO NAT Be CIFFERENTIATED BN ANY BF 4 PERFORMANCE 
ME ASL RES, 


PTET UPeTT Eee ee So ae 68 eed a de oe ak Bie teed delete deh del 
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FVLEY, cweoPe = AEFANALTICAL INSTRUCTIAG DEVICE 
Rarcny e 286,928 
FILEF CLLY Se 1929 GRANTED GULLY Se 1932 


etree ae erent eae ene ee eee eee eee ee wee eee etna e 


BE, Cos UUM» ReSes CLSTERBERRYs weCese KEYs Doles SINACORE, 
we’ es AKD XENAKIS, Ge A TECHNICAL ASSESSMENT SF L.S. ARMY 
FLTGry SIMLLATION CAPAPILITY aNC REGUITREMENTS FBR AVIATION Reo 
cp ARCh atl Oe yELOPMENTe ASRO REFAKT 750i, AC VANCED SYSTEMS Ree 
CeARCh AFFICE, LoSe ARMY AIR MOBILITY ReSEARCr ANC CevelePMeny 
LAP ARATAEY, AMES RESEARCh CEATER, MAFFETT FIELC, Ca, APRIL 19756 


# ABSTRACT «# 
THIS KR, SORT PRESCATS A REVIEW FF the FUNCTIONS, STATUS AND 
FLTLKe NEECS FER GRAUNU ePASED FLIGRT SJMULATIAN WITRIN The ARMY 
MavTeRIT AL COMMARC aA It IS RESTRICTED TA Tre CB8NSIOERATIBN 
@F SIMULATORS FAR ATRCRaFy systeMS eSeaRCh a~anl CeveLBPMENT AND 
CHMELEM ERTS A STM{LAR STLCY BY The UsS, ARMY TRAINING DevICe 


AGEACY {LSATA) ACCPESSING SyMULaTIer FER FLIGHT RRAINING, THE 
GePAcy aaS PreParer aT Tree REGLEST MF aPC, BY TRE U.Se ARMY AIR 
Merry ReSeakCk AND OpyelLePMENT LabORaTSRyY (aMRCL) wlTk ASSIS. 
ta®Cr FROM phe AagTShal apROhalrtICS ANC SPaCe AGENCY (NASA) 

awe S & S, ARCK Cehge®, CatTa FBR tee INyeSTIGATION waS SBTAINED 
rk GleTTIONNATRES, OMSITe yISITS, AND INTERVIEWS WITH KEY 


» 
Pe SCaAr Ele 


Tee Ge', RAL CANCLUSTSONS aRe TRAT SpyeRAL BRGANIZATIONS WITHIN 

ve br GitiMare NepOS Fer FLIGhy STIMULATION IN THEIR AIR. 
CRaPy cveTEMS Bese ahCrh atl DeyeLOPMeNy EFFARTS, GENERALLY THeS_E 
Bee fS Cas Pe SsaviSFreO BY LyMrteC CaFaABILITY, SPECIAL PURPOSe 

cp bL ares, a 1S ALS® ~ Neel FRR an ADVANCES CaPaBILity, 
MLL yy PLEPBS,. FIC ee ba SiMULaTIAn thar CAN Be USED 76 
SEY phe COPPL i ge FanGe BF PROBLEMS IN PILOTLAIRCRAFY SYSTEM 
INTEGRATIGN. 


ahl my 


SLCe FaCehitics aRe exXPeNStye T8 OeyEeLAP AND OPERATE, SO DUPLI. 
CaTION MUST Pe a~vGICED TRRAUGH A WeLL MANAGED PROGRAM COBRDINAL 
tel TREBUGHHL] aMC, SINCE THE AVIATION SYSTEMS CBMMAND (AVSCOM) 
kaAS TK. MISSIAN SF TOTAL AIRCRAFT SYSTEM INTEGRATIBN, IT IS PRBe 
PASE Treat TRIS COMMANC Ee aSSIGNeED The MISSION OF DEVELOPING a 
er: CONF IC ENC, SYMLL ATION CAPABILITY, aNO COGRCINATING I7S 
Revel sPhent ant LSp WITR THe DEVELOPMENT AND USE GF GTHER FLIGHT 
SIMUL aTA® FaCILity¢S THRULGHOUT AMC, PLANS ARE PRESENTED FOR 
Revel rere nt BF SLCh a CaPaBILITY a~hD FARMULATION GF ITS BVERALL 
MANAGE VENT 


PTR PRETELECEeCPEePrePreCLCOCEC COSCO EL ECOL ESE SLRS ESR EERE RRR 
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©. PLRNY © CSCKFIT ASSEMBLY FAR FLIGHT SIMULATOR 
FATEKT AMRe 32825,988 
FILED MAY 255 19672 GRANTED AUCe 205 1974 


NA ARSTRACT 


eee eee eee eee eee Cee TE SCPC eRe ee Lee eee eee Pee eee ee Ce ee eee ee YS! 


RLRRHWS, AeAe CONTRAL FEEL ANC THE DEPENDENT VARIABLEe 'HUMAN 
FACTERS', VOle 7s Ss OCT 1965s 413°4216 


* ABSTRACT * 
TRE DEF INITIABN ANC EFFECTS OF FEEL AT THE C@A@NTREL@LIMB 
Ie TERF ACE ARE CYSCUSSED TOGETHER WITh saMe CURRENT PROBLEMS AND 
EXPERIMENTS es THE RELATIONSHIP WITH Freel BEARS TB THE ERRBR 
TEE USED IN CESCRIPEC COMPLEX TRACKING BEHAVIGR, IS DESCRIBED 
ANT PeCRMMeNDATTANS Mabe Far FURTHER RESEARCH, 


ERP ee eee eRe eee eee ee Pe PPP RPP PPP PP eee Pee CPR Se 


PLERAKS, AsAs ANC WKITE, ReT. HUMAN FACTORS IN FLIGHT TRAIN» 
TRE: SIMLLATION ENTERS A ew ERA DOLGLAS AYRCRAFy CEMPaANY 
FAFER NB, Ga7G, FRESENTED TA The INTERNATIONAL FLIGHT SAFETY 
SyMEASTLM, DISNEYLAND HOTEL, ANAREIM, CALIFORNIA BCTOBER 9, 1968 


* ABSTRACT «# 


TEE CURRENT INTEREST IN NONSMILITARY SIMULATION IN TRAINING JS 
FESMTISTNGLY EMERGENT BUT LARGELY FISCAL, CAN COSTLY TRAINING 
TIMe er 4 ke D AR FLIGHT TIME REPLACEC, THUS ALS6 ReEMEVING 
ecciteky FazaFr,. beweVeR, Tee INeVITARLE TREND TOWARD 

Me ASL Re MeNT MAY well CALSE PROFICIENCY 18 BECOME A CONCRETE Set 
@P CATA, TRIS wILL NOT BE EFFECTIVE, TROUGH IF THE TRAINING 

It Teke STS CU Ky EMPLOY PRAFESSTANAL SCIENTISTS, NUTABLY 

KLYAN FACTURS PERSGNNEL, WHA ARE CAMPETENT IN THE DEFINITION, 
MeACLReE MENT AND fYALUATION BF SKILLS TA BE TRAINED IN 
SrMLLATIVE LEyICES IN PARTICULAR AND TRAINING SYSTEMS IN 
RENERa~Le IT IS IN THE INTERESTS OF BOTK THE FLYERS AND THEIR 
SRcANTZATIONS TH ENSURE TRAT TRAINING TOBLS EMERGE HEALTHILy AS 
“caNS SF MeASUBe MENT AS well AS @F TEACHING AND TRAT THE DATA 
TS kanOLE CO vELL 718 DERI ve FACTS GF yALUE. 


PwRPePEPPrEeEOP EPC PPC SELES ECE TEP PSEC CAEP RRR SEP ESE ERS RR AREAS ED 
CALLAKTN, SE, = MATION SYSTEM FOR FLIGHT SIMULATION, 


FATENT NA e 393529029 
FILED MAY 414 1966 GRANTED NOVe 445 1967 
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ee HHH HHH HHH HHH HHH eee ‘ 


CALLANEN, VeEo 

MELFaR, IN Ce FALLS CKURCr VIRGINIA 

MATTAR SYSTEM wWITR THREE RECIPRACATING ACTUATBRS FSR FLIGHT 
@IMLLATIGNe FATENT NA@*e S645C1ils FEBRUARY 2941972 


* ABSTRACT * 
A PaATTUN SYSTeEr FAR CEMERAL PURFESE FLIGHT SIMULATIAN INCLUDES 
TREEF SEACFOUeAFART KYCRALLIC ACTLATSRS FAR I[MPARTING 
TFANSLATI@N TS RESPECTIVELY ASSSCIATED RECIPROCABLE PISTONS OR 
RavS, @NE OF TRE ACTLATAGRS 1S POSTTIANED VERTICALLY IN A PLANE | 
CeNtaAy ING The LANGITUDINAL GR RA@LL AXIS BF aA GRBUNDED FLIGHT | 
TRAINER AND TRE FTHER TwO ACTUATARS ARE EGUALLY SPACED FROM The 
RALL a~xIS AT VERTICAL PESITJONS BN ElTkKER SIDE BF THE TRAINER | 
TS a FLANE CANTAINING ITS TRANSVERSE AX]Se The RECIPRECAL 
CLEPART RAMS ake S@ PIVETABLLY CONN¢CreC TO ANC SUPPORT The f 
TRAJ\¢® at The FARWARO EXC a~vtO ResPeCryve SIDES SB TH ENABLE 
Tee TRAINER TA LNCERGS INDEPENDENT ROTATION aBBUT ITS PITCH AND 
RALL pxlS, SLCR Tray veRTICaL TRANSLATION GF yReE FORWARD Ram 
PRICLCES ROTATION CF THe TRAINER aBOlT TTS PITCH AXIS AND Tray 
Ln gla veFTICAL TRANNSLATIONS 8F BATH BF THe GrhER RAMS 
PPSELE Ss Ripatras @F THe TRaINER apne’ yTS RELL AxIS, 


Terrreeeeeeererereret ere ee Ce RPP eee eee eee eee ee ee ee  ) 


Cplye&t, E.S. Tee TRESRY BF yISLAL yUDGMENTS IN MBTION AND [7S 
sPFLICATIGN TO yke CESIGN BF LANDING aIOS FOR aIRCRAFT. TRANS, 
ILLLM™e ENG* SACe's VEL Zee NO 10219579 PP271°297 


* ABSTRACT * 
TRIE pAerR IS INTeNCEC 7B BRING THe TheORy BF The VISUAL AIDS 
Le 7? Late, ANC TS CISCLSS yARISUS PRACTICAL MeTHOBOS OF 
ThORE ASING The SAFETY GF THe aPPROACH ahO LaNDING 8PERATIBN, 


ARELMENTS ARE PLT FARWARD TO SHOW THAT THE GUICANCE IN Tre 

we = TICal Plate NeelS 7H Be IMPROVED, PaRTICULaRLY IN vISIBILJ, 
rieS Mewh AT ABAVe Tre LIMITING VISIBILITY, AND A NEW FORM OF 
ahh, GF paPPR@aCr TNDICaATAR IS CeSCRIBrC, WHICr PREMISES 78 
aCkicy, TRIS ReSULT, Tre BeAM SPREAUS AF THe APPROACH LIGHTS 
@ROLLE Be INCRea~s_eD a~NO Fitz {NGS FAR PRAVIOING GU]OaNCe FO@R 
CyFCL NG p~PPRAaCkeS SFBLLE Be DeVelLaPel, THe ERITISH DeSTGN OF 
FLlemlrYPe RUNwAY LyGhTr KAS gia SATISFACTERY IN aCTVAL 
PPeRay{[OXS, aN as a Result, LANCING MarS Have NOw Be COME 
FRaCyyCaPMle, EVEN PR EXISTING RUNWAYS, 


PT RRO R PRP RESO LESS Pe Pe eee CROCS RRR hee ee hee eee ee 


CaMFrelt, aga,, COMREY a,L,, aXC WILSBHA,R,C, «STUDY BF ReaCTyON 
rive 7? CIGRr ZNO S@UNCS AS’ReLateh 76 FNCREASEO POSITIVE RADIAL 
ACT ELE RaTIAly, CALPRAL GF AVIATIEN MECICINE, 2601949. 
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* ABSTRACT * 
TRE FeoaCTIAPh TIME TA BOTR LIGHT AND SOBHLAD STIMULI BeCAaMES 
STGNIFICANTLY LANGER UNCER CANCITTIPNS BF INCREASED RaADTAL 
aCCeLEePaTIeNs, Tre SLPERISF ITY OF ReaCtION 7A SOUND, JN 
ACCP TPAN Te Tee KNAWN FaTLURe SF SIGHT aT CRUCIAL c.Cevels, 
SLeECSTS The aDyISaBILITY Ap PkeESeENTING IMPBARTANT SIGNALS 76 
tke PILAy IN gee AUCT TORY SeNSe MADaLTyY RatheR THAN THe 
vtSlaL, TRIS I€ ¢SPECIALLY vITAL IN TROSe CaSeS Were SUCH 
STENALS CeEMANC eMERGENCY aCyyOh, THe TREMENCOLS SPe_D OF The 
aTeChaFy BF tALaY p~hO TOMOBRRAW WILL NeCeSSItaze ACTION 7b 
CatceRve EVERY SPLIT SFCANC, TAKING StePs SUCK AS THOSE 
cUréretel keRE gkglLO Retr TH TAKe sOM_ GF THe BURDEN FREM THe 
Ly“rrgtG PaCr6R rN alRCRaFy OeSIGN . Tke PILOy, 


PORE PU CE URE SEE ECR RSE SS EE SPCR PPP POPP PP RPS EPP RP PPS SR SS 


CANFIELD sa AeAesCRPMREYasReLe AND WILSHNsReCe 'INFLULENCE OF IN2 
cC&racel PBSITIve G ON REACHING MAVEMENTSe! "VU. BF APPLIED 
FEYCrFBLAGY's VGLLME 37 NOe 3s 19536 


* ABSTRACT * 
FREY the ReSLLTS @F TRIS RespaRCk, CERTAIN CONCLUSIONS ABBUT 
Tee ¢FFeECT BF IACREASED POSITIVE RADIAL ACCELERATION ON 
REACKING MEVEPENTS MAY BE ADVANCEDe 


1. PATR TRE SFeFC ANC ACCURACY ®8F REACHING MOVEMENTS AT 
INCREASED G LevVelS aRE SFRIGLSLY IMPAIRED, THE DEGREE OF 
IMPATRMENT FEING RA@LGKLY EGLIVALENT T6 THe AMBUNT OF 
FARCE IMPESEC. 

2 Tee KINESTHETIC CLES GEveRNING THE TKRUST GF The ARM UNDER 

aRval CIRCEMSTANCES ARy [ADE QUAT, TO MAINTAIN SIMILAR 

CCLOATY BR Spee 0 EROER paCIac ACCELERATI ye CONCITIONS, 

2 Mur T& The INCREASED WEIGHT OF THE ARM AND ThE INADEGUACY 
SE The NARMAL KINESTHETIC CUgS, TWA TYPES BF ERRORS ARE 
FRUND, SNe pe ING THe NeGATI ve INERTIA ¢ RR@R AND THe 6BTHER 
tre pRRAk AF CAWNWwARC TENDENCY. 

ue TRE MOST FaySRARPLE LOCATION BF CONTROLS FUR THE PILOT OF 
FIGRLSFEFC ATRCRAFT, BSTK FRAM THE STANDPBINT SF SPEED AND 
ACCLREACY, IS TA The SIDE BF The PILATIS PREFERRED HAND AND 
2eLGw ITS KOERMAL RESTING PUINT. 

% eMcoRceXCY CenTRELS THAT MIGHT HAVE TS Be shal iat abl 4 UNDER 
CANCTTIANS BF INCRE ASP) pg ADTAL aCCeLeRaTISN SHEULD 

he KA SMALLER TRAN ae ThCHeES TN Dra~MeTeR IF A PUSHING 

wmarroN IS ReguIRel. 


errr rrr re ee PPP RPP eC PPP eee Pe CCP ET CPP CPSP CPSP PAPA PEP PP PS OS 


w iL, CaAPPEL e “ATIAN SIMLLATER 


CATERT hte 3ec9braeh 
FILEE PECs 7s 1964 GRANTED JANe® 3 4967 
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* ABSTRACT + 
A MPrrUN STIMLLATAR CAPABLE AF MBTIAN IN ALL SIX DEGREES 6F 
FREE GBe 1S PRAVICED KAVING A PLATFURM PREVILING TRREE P8INTS 
IX & PLANE ANC A SUPPBPRT BASF FRAVIDING TRREE POINTS IN 
ARS TREK PLANE. SIX EXTENSIBLE MEMBERS aRE EMPLOYED EACH 
CANRECTEM AT She ENC TA TRE SUPPORT BASE AND AT THE 6&THER ERC 
Te Tee FLATFARM aNl CONNECTING ACUACENT POINTS GF THE SUFPERT 
FASE aX FLATFRRY, THE EXTENSIULE MEMBERS BEING POWERED AND 
CPNTRELLEC FAR FREVIDING ANY BF THE MATIENS OF THE PLATFORM BY 
SELECTIVE ChKANGES IN LENGTH BF TRE EXTFNSIBLE MEMBERSe MEANS 
PN Tee PLATFARY TS FREVICED FAR EXPERIENCING MOTIGN FRODUCED 
RY PayeNMENT AF TRE PLATFORM, 


Tf ee eee eee eee ee eee eee ee eee ee tee eee eee eee eee eee eee ee. 2 


FyY 6 CARMLLLA, ET AL = ACVANCEL G SEAT FAR AIRCRAFT SIMULATION 
PATERT REe 399832640 
PyleER €G@ue 6» 1674 GRANTED BCT* 5s 1976 


R@ APSTRACT 
ofS eee ee eee eee ee eee eee ee ee Pee eee eee eee ee eee ee ee 


CARA, Pene 

Ge%e FaCrOns INFLUENCING pRahsFeR fF SyMULATOR TRAINING, HUMRRO 
PROFESSIONAL FAFER 4076, PRESENTED AT ThE THIRC FLIGHT SIMULA. 
LatrTAX syMFAsyut BF Tre RBYa~L AGRANAUTICAL SACIETY, LONLEN, 
FRELARC, APRIL 1°76 


* ABSTRACT * 
PRPTPAN FICELITY 


Ket MUCr MaRe Ts KNAWN ABOUT THE ENE CENCE eF Mater UPON 
STMGL ATER TRAIKING Bs ag THaN a~pOUr yiSUal CySPlay, 

ab zhrter Porrek sph py Le AS at oneece! D a SIGNIFI CANy 
Fakrrgn oF pee Cagy uF syMULa OR PRACUREMEN, gNO OPERATION FOR 
A sivacR eF YEARS, TRE JNVEST]SAT]AN BF THE ;NFLUENCE OF 
MAFTAN LEAS SrhLLaTAR TRAINING EF As HAS BEEN LARGELY 
TEPRRLD ogee FIRST SIGNIFICANT STUDY JNVOLVING SIMULATOR 
MATTSRK TN THe TRANSFER BF PILOT TRAINING WAS REPERTED IN 34975 
EY CAGNPS ANC RASCHE. 


tee HeSbkTS SF pee vACBRS AND RASCHe STLDY PRAVICE EVIDENCE 
TKAT Fan SF eR MAY NOT BeneFyy FROM yhe PRESENCE OF NORMAL 
SASEPLE COCRPYy MATION, IN THAT STUDY, TRAINING ReCelvEeD IN A 
TVPeaKTS NORMAL waSkGUT MOTTAN CBNCITION, COMPARED wITH 
ZyeR VE Canty CFF ERENCES [TN gMOUNT OF TRANSFER TO THE AIRCRAFT 
FAR thoSe TWH CONCITIONS, THERE WAS HOwevyeR, SIGNIFICANT 

FAST tive TRANSFER PAR RAH MATION AND NOeMATION CONUITIONS, 
SIM TEAR PeSULTS have BEEN OBTAINED IN AN UNPUBLISHED U, S, 

AT® Fane UNC eRGRACUATE PIL@T TRAINING STUDY [AvSLVING A 
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maRe SAPHISTICATEC SIX*AxXIS MSTION SYSTEM, 


TEE GACSRS ANC RASCER FINCING TRAT, AT LEAST wITH BEGINNING 
TRATNeeS, THe PReSehCe 8F MOTION MAY NOT INCREASE SIMULATIR 
TRAINING io clerk MUST Be TReateD with CalbyI@N UNTIL 
INveStIGaTe® FLATRE INCE yREReE aRe SrheR STLDI ES SUGGESTING 
FRAT. AT Least LNOek "s8he CIRCLMSpaNCes, MOTIGN May BE 

¢ eSTR ale eves TF Net eS SSENTIAL, FOR cXAMPLE, FEDDER GN (1962) 

ct ae *zcol A SLIGky ACVANTAGE IN FAVAR OF A MATION «SIMULATOR 
‘Tret GRALF AVER A NAeMATI ON meee DURING BRIEF TRANSFER 

eee RoyeRING a RELICBPTER , IMPERTANTLY, PERHAPS, THe 

“eT TAR ESHLP rh kyYS SyLDY R ACHED ASYMPTOTIC Pe FgRMa~NCe JN THe 

crvllL ater MAR RaPIOLY, slobesr ING tHay SIMULATORS wITH MOTION 

waY Fey CE Eee FR CI N RAINING IF N@T MAR FFeECTIV 

TRAINING. f SAS E 6: ARCHERS ace FAUAD a The Corretasiok SME 

rerteet cue F p RFARM ANC, IN aN ATRCRAF 7 AND me A SJMULATOR 

thCRe Wye ae ADC 7]ON OF STMULazAe MGyyON Cles 8 g SUCH 
ture heEP THe FILET Ih COPING “ITH a HIGHLY Le eR UNSTABLE 
Byc Cle ak A cLlEGgysk Cen tRaL sYste™ BR pin Cy;RCUM, 
epahCeS, WhePe yee CONTROL system [Ss TOS SE SITIVE. WHERE THe 
sT°CRAFT IS eaSY TO FLY, FOweveR, AS IS The CASE WITH THe AIR. 

CRaFy Ugel IN The wACBBS AND RYSCOE STUCY (PIPER CHeRBKEE) 

Ae IN we AIR FARCE STLDOY (7237), MOTION HAS K@ EFFECT. IN 
TER NASA STUDY (DOLYVILLIER ET ALe 1960) SF THE EFFECTS OF 
“UL ATSR Merpyas 6h FILATS PeRFARMANCeE AF A TRACKING TASK, 

ake FeSLLTS FROM a MOVING FLIGHT STMULATAR ReSeMBL_eD THE 

FILETS PERFORMANCE PF A TRACKING TASK, THE RESULTS FROM A 

MEVIKG FL ICKY She cee E ReseMBLEC THE ResULTs FREM FLIGHT 

MLO “ARE Than 1C ee, Feu A Mery ONlLess SIMULATOR, 

FL “ELpsq an ANC FalFe 18723 RePARreD THaT, USING SIMULATERS 

ATTERCYT METIGN, eXPERTE PILOTS ARe AFTEN ABLE TO ACHIEVE 

ACTEE TABLE Leyeks OF PERFORMANCE, BUT THEIR PATTERNS OF CBNTREL 

eae ial: SkAw Tray TheTR PERFORMANCE IS ACHIEyeD USING A 

SyFare GY CIFFeReNT FROM thay USED IN A DYNAMIC TRAINING 

Bees SINCe CONTRAL STRATEGIES MAY Be IMPORTANT CURING 
=-FLIGHT EMERGERKCY MANEUVERS WRERE TRANSFER 6F TRAINING 

Spar ante IS NST FEASIBLE, It WAULO aPPrAR INACyISABLE TO 

PLT PEATE METION FRAM ALL STMULATOBPS UNTIL FURTHER 

INVESTIGATION SkBnS ThE GeNeRALITY BF The JACB8BS AND ROSCOE 

FISEIRGR AT TrE PRESENT TImEs We CANN@T BE CERTAIN OF THE 

Sele aF MOTIEN JN STMULATBR TRAINING EFFECTIVENESS AND 

c FFICTENCYe 


HEH HH EH HHH HHH HR HH HHH He 


FE yee FLATFARM METION AND SIMULATSR TRAINING EFFECTIVENESS 
TLLE SESEARCh CORPORATION, PAPER SURMITTEC FOR 11977 NTEC, 
TT lSLSTRY CEMFERENCE NS 


* ABSTRACT # 

Se yehal RECENT STLC TES REPORTES THAT S[MULATAR MOTION DIL NOT 
PeheF ry SLESEGLENT FLIGET PERFURMANCE, OTHER STUCIES HAVE 
BePAC TL yANTALS EFFECTS AF MOTION UPBK PILOT PERFORMANCE IN 
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STMLLATHES» TEESE FASSTELY CANTRALICTSRY FINCINGS ARE EXAMINED 
TR The LIGHT SF RECENT CISTINCTIANS MACE BETWEEN MANEUVER AND 
STOTLED ANCE MOTIGN. ThE STUDIES IN WHICH SIMULATOR MOTION CID 
N@T BENEFIT TRANSFER PFECOMINANTLY EMPLBYED MANEUVER MOTIBK 
FLEES, aPpOREAS TRE OTHER GRAUP SF STUDIES INCA@RPERATED MORE 
PysteRcanCe MaTyAN CLES. PYLAT REaCTISNS TE SIMULATOR METIBN 
ALS R qe Re FXKAMIAKECD JN TERMS OF MANEUVER VSe PISTURBANCE MBTIBN, 
BR™ Tr waS NATEC TREAT JLOGMENTS AF THE TRAINING VALUE OF 
PrrLLATHS MOTITAN wERE FELATFD TS THE MANEUVER*eCISTURBANCE 
RYTTINCTT She ITT [SG CBKCLLUOER TRAT MANELVER MBTIBN MAY BE OF 
LITTLE FRTENTIAL TREAIKING VALUE, UNDER MANY CIRCUMSTANCES, AND 
Rata pn, CrSGARY TA AN ADEGLATE SIMULATIAN BF CISTURBANCE MOTIBN 
MAY NOT FE AVATLABLE* AN ANALYSIS 8F THE TRAINING REQUIREMENTS 
ACERCTaATFO wITh PYSTURBRANCE MOATIAN IS NEEDED. 


56 RO FE Fg tg TE te HHH HEHE HH HHH HHH EH 


CAPE sy PexersdRe ANC ISLEY, ReNo KFLICGPTER TRAINEE PERFORMANCE 
FALLANING SYSTRETIC FLIGHT TRAINING, Tke DEPARTMENT GF ThE ARMY 
(TKe Ec@hREr WASFINGTSK UNI veRSITY, BKUMAN ReS@URCES Gre TCe 
KLMRRR CryISIA8N NB. 6, ALEXANDRIA, VIRGINIA), PROFESSIEGNaL PAPER 
Vehbe Si yEMBFR 1566» 5S PRP e AD 646 157 


* ABSTRACT * 
RX w# STLCY TS CeTePMINe wkeTHER THe USe SF A SYNTHETIC HELI. 
CaPtek FLIGHT TEAINING CeviCe KALLO IMPROVE Tre SUBSEQUENT 
FRiwaRY ELIGky FeRFARMANCE @F TRAINGES AT THE Ue S. ARMY 
FetMarY RELICeF eR SCKABL, TWA GFALPS Were TRAINES +6 FLY «a 
CaF rtye BE IGOR aE ® Maung’ AN A GRAUND ¢F ECTS MACHINE. THE 
Pevice Ral Tee a~PPRAxIMate KaANULING CHARACTERISTICS GF A FREES 
FLYING veFICLe, YeT IT aLLGwed Tre TRAINEES TO BBTAIN AERO. 
NaALTICAL ExPeRIcNCe NO7 StHERAISe POSSIBLE AT THEIR LEVEL OF 
TRAINING, IT yaS FELND Tray The DeyICesTRAINEC CONTROLS WERE 
CrORTFICANTLY LESS LIKFLY T8 BE ELIMINATED FROM SUBSEQUENT 
PRM aRy KeELICAF TER TRAINING FOR ReasONs GF FLIGRT aND SKILLS 
MeFrCyenCY, FURTHER, MeaSUReS GF ReLATIVE PERFORMANCE OURING 
FRIMARY FLIGHT 7RaTNING INO[CATEC THE CeviCeeTRaAINe® GROUP 
eal eel yee HeLyCAPreR caRbyeR ANC Mae BETTER FLIGH] GRADES 
CURING zeke P¥e SALA PHASE ak TRAINING TRAN LID The CONTRELS, 
TPL rCaprONS GF zke OpViCe CANCEPTS INveSTIGATED IN THIS STUDY 
AFF JLLULSTKATED, 


err tet ere eee eee eT ee ee eee eee eee ee Pee Ce ee hee eee eee fl 


Cpr, Panes uke, ISLEY, RN, ANC JALLEY, 0,6, THE CAPTIVE 


kel CAP te R aS a TRAINING OpviCes EXPERIMENTAL EVALUATION OF A 
CONcreT. PuMRRA TECHNICAL REPORT Guede JUNE 1968+ 


* ABSTRACT *# 
Tee Mo Sp aRCh Be eCTIve KAS TO PeTERMING THE EFFECTIVENESS OF A 
Pevite ConCePy FAR reLICBPreR CBNyACT FLIGHT TRAINING ANU The 


LEFFLEAgSS AF SLCR A DeviCe FOR PREDICTING PERFORMANCE DURING 


464 





oo) 





NAVTRAEQUIFCEN THead9s 


SLPCEGLENT FLIGHT TRAINING. The DFEVICr WAS A COMMERCIALLY 
AVATL ARLE CAC TIVE rELICBP TEP AT ae UEP Th A GROUND hh glk 
Math Ina, THA pXPERIMeNTAL GROLFS OF TRAINEES ReCe lv 3 le BR 
97 17a FALRS PE CeyiCe TRAINING PRYISR TH PRIMARY FELICOPTE 
TEATAIH G, IM COMPARISS, WIth COnTRAL GROUPS, BOTR DEVICE 
TEAINeE GRALES (Ay WERE SIGNIFICANTLY LeSS LIKELY TO Be 

EL rMyNATeC FReM SLESEGUENT FLYGRT TRAINING FOR REASONS OF 
FLYING DeFICtenCY, (By Regltkel LeSs FLIGHT TRAINING 79 ATTAIN 
Thee PROFICIENCY ReGlyReC 7H SOLE yke HeLICAPTER; AND (C) 
SeCeryec r1GkeR GRADES CURING FARLY TRAINING, TRAINEES WHO 
FeRFoRMeED acLlL AN THE TRAINING CevICe TENDED 76 PERFORM WELL 
CURING SLBSEGLENT FLIGHT TRATNING, INSTRUCTORS USING DO, VICES 
euCr aS TRIS Gke Keed NOT Be PROFICIENT IN THe HELICOPTER USED 
FAS cuaSeGleNy FLIGHT TRAINING. (AUTKGR) 


Taree CCC eC POP ee P eee eee PPP CPP PPP EP SCPE PPP eS eT PPR ECP Pee 


CAPA, Panes GALLEY, Gebos ISLEY» ReNeo. AND WRIGKTs Rehe 
CETERMINIAG TRAINING OF vICeE REGLIREMENTS IN FIXEO WING AVIATOR 
TFATNTNG,. MEMRRG TECHNICAL REPBRY 720445 APRIL 19726 


* ADE TRACT * ae Lo 
h SYS7teMa~TIC S7LCY BF ALL Fyxe® WINGSPILOT TRAINING PROGRAMS at 
Tee Ly S, ARMY paviaTISN SCHBAL was CONCLCTED IN FY 49686 The 
Peo ive AAS TR CetTeRMING WeeTheR TRAINING MIGHT Be MADe MORE 
cFFeCtIve THROUGR GREATER USp BF SYNTHETIC FLIGHT TRAINING 
ceCLIF’eNe ANC, IF SO, TO SPECIFY tHe MaIN CFARACTERISTICS OF 
SPERIER Tate EGLIFMENT, SECONDARY HRUECTIVES weRe TO ASSIST IN 
ee VELAF ING LAK CAST DevyCes FAR ONE COURSE AND 78 DeTERMINE ThE 
FESB BL CSSTSEFFECTIVENESS HF A COMMERCIALLY AVAILABLE OgviICe 
tT aNeTeeR, A MeTKBD WAS DeyebOPeh WHICH IDENTIFIED SPECIFIC 
ak CLERCRENTIAL NegDS FOR SYNTHETIC EGLIPMENT IN ¢ACH CBURSE 
ane RETEST INGE SLITABILITY 8F EXISTING Seedy a T Mee T THOSE 
NeecS, “A CoKEPALIZABLE, SYSTEMATIC METKOCD FOR DETERMINING 
SECLT&emMe NTS FAR SYNTRETIC TRAINING EGLIPMENT IN EXISTING 
TEATS ING FRUGRAWS Fe SblL TEC, 


Thee K9ATInn Fr LEVANT PARAGRAPHS 


te TRE PRIMARY FURRFGSE OF A SIMPLE, SyMBO@LIC VISUAL DISPLAY, 
Ac CeSCRyIBPD, IS TA FROyVIDE THE TRAINE¢ WITH ATTITUDE CONTROL 
Cle yis SELATIAK Te AN EXTERNAL ReFeRekCee THE RELATIVE ANGLES 
PeTures Tre VERTICAL, HBRIZONTAL, AND LATERAL AXES OF THE 

TEATN ES aNC Tee FARITZO6N, IN 8ROER TO yvaARY TkeSE ANGLES, MOTION 
“LST Ez PeFReESeENTED EITHER IN The VISUAL DISPLAY 6R IN The 
CFEKEIT, SIMULATION ENGINEERING PERSONKEL INUICATE THAT MOTION 
AE tee COCKFIT GENERALLY IS FEASIBLE. FROM ThE TRAINING STAND. 
FRIKRY, CICK] MATIAN HaS fitkeR ADVANTAGES AS heklLe FOR 
exAMe_Le, IT MAKES The TRAINING TASK AppgcAR MBRE 'REALISTIC! TO 
tee TRAINEE ANG TRUS ENRANCES KIS MOTIVATION TS USE THE DEVICE, 
CHeKE rT MATION PREFERABLE IN Tee PITCH, ROLL aND YAw OIMENSTOENS 
1s Cans [Ce pee TS Be AN pSSENTIAL CHARACTERISTIC FOR A PRIMARY 
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CONTACT FLIGHT TRAINING CEVICE®s 


Se MANY GF TRE CLFS ASSOCIATES WITH GFERATIGN OF A bIGHe 

Pe SPaRivAKC! ATRCRAFYT APE PRAPRISCEPTIVE IN NATURE, THAT IS, 
TREY a~he ASSACTATEC wITk CHANGES IM BECY PASITIBN AND BRIENTA®e 
TITR, THE RFLATIVELY SLBTLE CLES ASSOCIATED wITh ACCELERATION, 
RECELESATIGN, AND TILT © The CLES THAT ALERT RIGHLY PROFICIENT 
ETLATS TF HUTesFeT™LERANCE CANCITIGNS SEFBRE TREY ARE DETECTED 
FEM rg pRUMENT TNOTCATIONS = ARE IN THIS CATEGBRY, AND THEIR 
SyMLLATION REGLUIRES TRE FRYSICAL DISPLACEMENT GF THE BODY. 
SLOr TS a PRIMARY FUNCTION AF TRE MARE SOPHISTICATED 

MULT TeAkTS FLIGHT SIMULATSR MATIEN PLATFABRMS. TRE CUES THESE 
ELATFHAMS FROVICE FNABLE PILATS TA DETECT CHANGES IN AIRCRAFT 
ATTITLMPE ANG SPEED MORF RAPJTOLY TRAN MIGKT BTRERWISE BE 
FaScreLe, MATISN IS PARTICULARLY USEFLL TS EXPERIENCE PILOTS 
hkA wave LEARNED TA ATTENC TA TREE MBTIGN CUES ASSOCIATED WITH 
TRO HANSET “F SYSTEMS MALFUNCTIUNS. CBANSEQGUENTLYs MOTIGN MUST 
Hr MYRE FAITTRFFLLLY REPRECLCED FAR THEM JN A TRAINING DEVICE 
TRAN Fike INEXFERTENCED FILOTS SLCH AS Sy~WOFWAC TRAINEES e 
Petar Sr AF SFACE LIMITATISENS, KOWEVER, ANLY GUALITATIVE 

SrMLL patron OF repyes CAN Be ABTAINEGD ITN SUCH PLATFORMS, 

8 SIMLLATAR FRR tke MORAWK SRALLE INCERPBRATE A MOTION PLATFERM 
TRAT FRAYIUES APPROPRIATE PSYCRBLAGICAL CUcS aSS8CIaTED wITh 
vIPRari asx aNC with The CISPLACEMENTS OF THE AIRCRAFT ALONG The 
FeLL, PrrCk, aN Yaw AXES aT A MINTMUM, AND POSSIBLY ALONG THE 
ve®TTCaL AXIS aS WELL. IT SHOLLE Re NOTED THAT FLIGHT 
SyMLLATSRS UNTER Cre yvelLbeMeNnry FOR THE BREING 747 AND THE SST 
wTLL bayp FOREeAPT AND LATERAL TRANSLATIEN MOBTIGM IN ADDITION 
TR THESE. 


.» ore ACEI TTON BF MBTTON 7H SYMTRETIC INSTRUMENT FLIGHT 
TRAIAC RS APPeaARS 79 HAVE A MINOR BUT Use FUL Breer UP8N The 
CEVELSEMENT SF sky lls IN CANTRBL BF THe ARC AFT 6h INSTRUMENTS 
aX! Morrah PRAua~ALY 1S Glite USEFUL FOR THe nee Aaa OF 
Inbel sl FLyGky CANDyTyOhs ~aND “aLFUNCy;aNs SUCF as Luss GF 4N 
evcyhe. AVOTING MET TAN 78 SUCH TRAINE ¢ FOR BEGINNING INSTRU. 
MeNe yRarhe eS Bee B, CyFFyCULy 76 UUs7y FY FOR The SOL 

rEcked nF TRAINING 1k ALRERaAFY CON7RBL HOW vER, IN “—" AF 


a 


dali waitilee “ATIAN MaY PRaviOe FAR Rp OGN IZING The ONSET 8 
Label ae CAND ry TANS AND PalLFUNC TIONS PLUS the GREATER TRaINce 
aCCePratce SF CeviCeS INCARPARATING MOTION, The COST BF A 
SP’FL, MIT1ION FLATFARM FROBARLY IS UUSyIFIED, aA DeviICe THAT 
FRov7CCS GLaAL [TAT] Vp STIMULATION OF THREE eAXIS MOTION (PITCH, 
tell, atl Yaw) FR@FAPLY wAULD He aleGUare FOR THE TRAINING 
LxMpe CanSICERATIgh KERE, ALTHSLGH IT SHAULD BE NeETED THAT 
PevyCp se TACARFEO RATING ACCITTIUNAL ayeS OF MBTION (I.E. TRANS. 
LaTPakal ParrAny ake BECOMING INCREASINGLY PAPULAR aMONG MAQOR 
S¥Nyhe TLC FLIGRT TRAINER USERSe 


TT REPRE PERO ee eS Ce SS SE EF Se Bae Bee. bette tt eied te ieee be bl 


CARTE Rs Vebe 
TRPATAINE eFFeCrive%¢Ss STUCy, APPENDIx xv OF FUTURE UNDE RGRaD, 
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LATE FILET TRAINING SYSTEM STULY FINAL REPORT, NORTHROP CORP,, 
ayeCRp~FT CIVISIAN, NAR 7¢*449, FAWTHORKE, CaLJFORNIA, MARCH 1971 


» ABSTRACT # 
TETS aPPeNOITX OSCLMENTS ThE RES Rae BF yHe ARK PERFARMED Te 
CeveLSe cFFeCtIveNeSS ESti‘MateS FOR THe ALTERNATIVE TRAINING 
cLrwents CONSyCERED IN Tee UPT SYSTEM w8DEL, EFFECTIVENESS 
ESTIMaTeS “ERE CeyvplOPeC FAR TARee CLasSeS OF TRAINING eLeMeNTS 
Case ;CoReO JN pee FeDeL; syNtheTIC FLIGHT TRAINERS, TRAINING 
ap=CF ary, aX? CYNgMIC CBSERVaTION IN BOTH SYNthETIC FLIGHT 
TRayhe%S ah pharNING AIRCRaFT. the DACUMENTATION FOR EACH OF 
tee&e CLaSSeS SF RAINING MeTHACS CBNS{STS GF ~ OeSCRIPTION OF 
the MerhnLS ANC Rap{ONale USeD TA UpVELAP EFFECTIVENESS 
ESTIMATES, Tee FeSULTS 6F ; ReVIgW 6F the AVAILABLE EXPERIMENTAL 
AN’ eXxPeRT ENT al Cata PERTAINING TA EACK MeTHAl, AND THE 
FeSULTING EFFECTIVENESS ESTIMATES THEMSELVES. 


Tarr rererereSCPOSCOOPVreETLE Seer ePerAee ee eee eee SESE SRE RESALE PPh DS 


CATEENs Fele 

a Neh APPROACk FSR ESTABLISHING AERADYNaMIC PERFORMANCE OF 
FLIGHT TRAINERS, 

eth KTeECyINOLsTkY CAaNFERENCeE PRACEEDINGS, GRLANDO, FL 
1eec hAVes 1975 


Z * a~BSTRACT * 

Tre PLRPese GF HIS PAPER Ts TH CesCRiAe THe APPROACH TAKEN By 
tee akMY Of CeviCe 2831, THe Caen? HELICOPTER TRAINER, TE 
eNSLS, ThAT TFp ag®6DYRKRaMIC PERFORMANCE OF Tee TRAINING OevICe 
GarpsFacteFILy CUPLICATES THAT 8F THE heLICOPTER, 18 THe BEST 
AF ALR KNGWLECGE, TRIS APPRAACK FAS NeveR BEEN TAKEN BEFGRE, 
Tt TS A Sew CANCEPT WHICr ACKNUWLEOGES AND aril Phe AN 6LD 
ERFAL EM, The LACK BF DaCUMenTEC INFORMATION DEFINING AEROe 
PyNaMrc PeRFARMANCE IN AN ACCURATE, COMPREHENSIVE FASHION, 


Tr kAS LONG PegeN RECOGNIZED IN Tee TWH AREAS BF PERFORMANCE AND 
FLYING GUALITIES, JIN PARTICULAR, THAT KIGH FICELITY 6F SIMULA. 
TIT 15 CRITICAL. FIDELITY IN TheSE TwO AREAS HELPS ASSURE 
acCeeyAance SF Tre SIMULATOR BY Tke TRAINEE, ENABLES LEARNING 

CF the FeGliSyte PSYCKAMETAR SKILLS, AND MAXIMIZES THE TRANSFER 
Se aah yNGe 


TEP Pee TEER CECE LE LLL © & Bedd dk td ded ttl tetethehetetetatleteieeie teh deeteie 


Cleeley, Co Rep aK VASSERMAN, Re 

aN aSSoSShehT SF the ROLE FF SIMULATORS IN MILITARY TACTICAL 
FLICKT TRATNIACG,. 

CaLSFat CERF, 

REFRRT AkeSOG7ceF ey FOR BFFICE IF ASSTe SECRETARY OF DEFENSE, 
WAShINGTAN, L, Ce 

tr SFE 197K6 
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* AUSTRACT * 
TET fF PCECTIVE HF THIS STLUCY WAS TA ASSESS THE LSE BF SIMULATERS 
IX MILITARY TACTICAL FLIGRT TRAININGe THE ASSESSMENT WAS MADE 
PR The FASIS AF TNFARMATION GKTAINFD FRAM A LITERATURE SURVEY 
AKT of SURVEY @F INC LTVICUALS IN INDUSTRY ANDO G6VERNMENT AGENCIES 
wb? oF. KNAWLECGEABLE APELT FLIGKT SIMULATSRS, MILITARY 
TACTICAL FLIGFT TRAINING AND RELATED MATTERS.» FURTY SIX 
AEGAKRT ZATIONS weRE VISTTEC DURING THE SURVEY. ASSESSMENTS aRE 
rate SF Tee Lse AF SIMULATARS FAR TRAINING The FOLLEWING 
FLIGHT FRASES SR TASKS: CACKPIT PRA@CECLRES, INSTRUMENT FLIGHT, 
FRERGENCY FRECECURESs, TAKESFF AND LANDING, FSERMATISN FLIGHT, 
AES TAL SEFLELING, CYNAMIC FAILURES, GREUND ATTACK, TRAINING OF 
MANEUVER LIMITS, RFCOVFRY FRAM UNCANTRBLLED FLIGHT», AIR COMBAT 
ART, RASPYLAT CREW STATISNSe OTHER ASPECTS BF THE USE SF 
SIMUL aTARS FAR AIRCREW TRAINING ARE DISCUSSED AND PROBLEM AREAS 
Rr OLIRING RESEARCr AND CEVELOPMEAT EFFERT ARE IDENTIFIED 
(FeCey MATION AND FARCE CUEING) e 


TWaPEPEPPTECECOCOOPCECOSS ERAT eS eS ESE SESE TPC CPR PPS SS 


CRAMSLRG, Re ‘Me 

FPP RATA PERFARMANCE IN ACCELERATION ENVIRONMENTS, 

Tr eELRNS, he My, ChaMRERS, FP, %., AND bENDLER, Eo (EDS.) 
MRL SLAL ENVIFGNMENTS ANE HUMAN BeFavyaR? 
CaLlLTpReMACMILLAN LTCes LANDANs 1963¢ 


* ABSTRACT * 
A CAMERERENST ye TREATMENT SF THE PROEBLEMS OF ACCELERATION IS 
PeFercr, THE EFFECTS SF ACCELERATION STRESS ON MANY DIMENSTEONS 
AF PPE RATER FeRFARMANCE ARE THOR@LGHLY CISCUSsED. STUDIES 
CASCUCTED SN Tre FRALECT MERCURY ASTRONAUTS ARE Reviewed, AS 
APc a NUMBER OF INveSTIGATIANS Sh HAND CONTROLLERS, DISPLAYS, 
AKT Re STRAINT SyStpeS TRAT weRE CeSIGNeD TO EXTEND MANIS 
aCTeLeRaTION 7FaLERANCE*s’ THE ANALYSTS BF THE RESULTS BF ALL THE 
qi Cites Sevighwel IS COMFLEMENTECD By THe AUTHORIS APPRECIATION 
AF gee FSYCHALACTCAL FacTO8RS (PERSANALTTY, EMOTIONAL State, 
METI VATION) TRAT AFFECT PERFARMANCE, 


TARP EPPERUBRECEELEOSCELESCO SAS ROSE RRR EER SEES EEA SE EER RRS RRA REE 


ChAMieRe) RSM, a~ND FITCKCOCK,L., FR, EFFECTS OF ACCELERATION ON 
FYLAy PeRFURMANCE, US, NAVAL AIR DEVELOPMENT CENTER, JOHNS. 
VILLE, FRFNSSYLVANTA, "ACC *MA&G6E19',26 MARCH 15636 


* ABSTRACT * 
TRIS RL FART AtteMPTS Te CONSALICATE The FINDINGS OF BOTH PRIBR 
ant RECENT RESEATE IN Tre aFe4 OF aCCeLERATION EFFECTS UPON 
FeFFARMANCe ANC 76 Relate THeSe FINDINGS TA BaSIC PILOTING 
Pekaypues, Tee CeCReMENTS Ih The vISLAL, PSYCHSMBTAR RESPONSE 
ART TNrebkeCTLalL PROCESSES WHICr Have BEEN FBUND TS ACCOMPANY 
ACC eLewarLON Spike SS aRe GUANTIF IED wheRe POSSIBLE. ECT 
THARGY RSE ANC PASTTI VE ACCEL ERATIANS FAVE BEEN ShGwN TE RAISE 
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TRE Level OF CantRast ReGbik_eD FAR visbal BRyGrTNess aND TO 
RePLCe GeneRAlL aClrtY AT ACCELERATION LAADS Well BELOW THOSE 
ARTCRr & sll yN GRBSS VrSUal 1 ParPMeNy, 3 MOLAR IMPalL MeNrS 
mh FrsCRyMrvatTAN ReSPAKSe Rates a®e abS8 OISCLSSeC, TH 

Te RN GUS TRHLS Fak Usel 79 aSSeSS HIGreR MENTAL ABILITY UNDER 
AC eLrhaATLIN ake PP ese TEC AS ARE ee BF THe PROBLEMS WHICH 
COrPLiCare SLCK MEASUREMENTS, Data FRAM SUCK eg AR, 
PRESEN ree TA TLLUSTRATE Tepe Rev UCTIAN IN IMMEDIATE MEMORY 

at IAF BRMarrle® FRACESSING CaPABILITI ES OF PILOTS EXPERIENCING 
beth RIGR Level, SRART TERI? ANC MADERATE, EXTENDED 

aCCeLe<aT IONS, 


Ter KNOWN GFF eCpS GF aCCeLeRaTIGN UPON THe aPILITY oF PILeTs 78 
VFL Yy S6 yh SIMPLE AN kr6Le SYSTEM SIMULATIONS aRe CataloGed 

yy te SFecTAL ATTENTION Give 78 THe WAYS IN WRICH SuCcH 
va*Taebes aS SYSt_e™ CeMFLeXr TY, CONTROLLER CONSTRUCTION, 
GeSrharNy ~NC LIFE SSUPPBRT pGUIPMENTS, aNO SUBYECT LEARNING 
teSye Ta ALGheNy 9§P REOLCE THESE EFFECTS. 

PRICK [NpRACLC TANS CeSCR BING The KekeyANT NOMENCLATURE 
eqvEt ap yAn rrerhigtes, ANE Bars rEnDe Thy PROC, SSeS PReCebe THE 


Tar arrrerrererrerrROCCCOCSSCCCCCC ROSSER ESE CRE RS RA 


CAMELS, ke Mey AND NELSSN, Ue Ge 

STLAT PIPPELDICAL AhC PSYCKALAGICAL INSTRUMENTATION FGR 

MeN TTARING PeRFARMaAXCe CURING CENTRIFUGE SIMULATIONS OF SPACE 
ELTCKT. 

"AyAL ATR OFVELAFMENT CENTER REPORT! 

SATCeMbe pars, 

2 *CT 1963° 


* ABSTRACT *# 
TRIS & PART FRESEATS SOME BF THE RESULTS BF RECENT CENTRIFUGE 
aCTeLe SATION ReSeaRCh AND TRAINING PRBGECTS IN WHICH THE 
Zr¢MPErcal, FSYCKBFEYSISLOG;CAL, AND PSYCHOLAGICAL PERFORMANCES 
SE FILS were MINITEREC AbD MEASURED, MBNITBRING AND 
BeTPRC [Re TNSTRUMEATATION TECHNIGUES ARE DESCRIBED, AND AN 
atTenery 3S MACE TH IDES TIFY ANC GUANTIFY SOME GF ThE 
CaPAAIL IT] ES AND LIMITATIONS BF PILOT PERFORMANCE DURING 
pxPESUr, To ACCELERATIONS whICK vaRY IN MAGNITUDE, OURATION 
PrSeCyteé., KATE SF ANSET, AND PROFILE COMPLEXITYs APPAKATU 
an MeqheES ARE FReSeNTeD AND CISCLSSEC FAR MONITORING VISUAL 
MytyLavpsCe, CISCRIMINATION «NO RESPONSE BehAVIOR, COMPLEX 
SKTLL cehAvIIR, ANC AN APPRAACK IS MADE TO THe PROBLEM OF 
hah rrare tng S1GheR MENTAL FUNCTIGRING. THE PILETS AND 6THER 
vel UN tee eS IN TheSe TRAINING AND RESEARCH PROGRAMS weRE THE 
7 “EECUSY ASTRENALTSs 6 CYNASSSAR CONSULTANT PILOTS, 


APCRES\TPATELY 26 OTKER TEST PILOTS, ANC APPROXIMATELY 40 BTKER 


MILTTAgY AKL CTVILTAN VOLUNTEERS, 


Taree ree eee ee ee ee Le LE SS Sid 2 ook A Bid deedih datictieliaieteiateieiee ten ted Del 
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PR AMHE ICS, WeSee AWAVSS AN ENGINEERING SIMULATOR FER DESIGN 6F 
VESLAL FLIGHT TRAINING SIMULAT?RSe AIAA VISUAL ANC MOTIBN SIMU 
LATDPoan CANFERERCE FRECLECINGS, CAYTANs AHs APRe C6"28s 19766 
(AILS? IN Ge AF ATRCRAFT, VALe 145 "Fe 1142 NOVe 1977) « 


* ABSTRACT * 
TET Navy AWAVS FRECRAM [TS NESTSNEG TS TMPRAVE VISUAL SYSTEM 
TERN GL AGY ANC CEF ING HARDWARE PERF ORMaNCE REGLIREMENTS FoR 
TRAIN DSG. A CESCRIPTICN [5 GIVEN GF Tee vISLAL SYSTEM HARDWARE 
CAPA TLTTIFS ef ING CEVELOPED FAR THE INITIAL CARRIER TAKEOFF AND 
LANCING CONMFIGLFATIEN FF AwAVSe ThE UCISPLAY SYSTEM PREVIDES A 
CavEecrte IMAGE SF Twu TV CHANNELS-e ThE BACKGROUND TV CRANNEL 
TS A Lv weRESSLLTIGN AICE*ANGLE CISFLAY 6F SKY AND SEASCAPEs THE 
TARGey TY CHENKELIS NARRGW FIELC AF View PRESENTS a HIGHSRESOLUS 
TYAN CARRIER [MAGE FOR JTNSERTISN TN7TH8 TRE DISPLAYED BACKGROUND 
ChANN EL, GACR ChathelL INCLUDES FIGHePPRFBRMANCe PERSPECTIVE 
IMAGE GENERATION, CISTERTION CORRECTION, AND VISIBILITY EFFECTS, 
Th apcrTres TA ESTABLISFING SYSTEM FEASIBILITY, THE SYSTEM'S 
VAFTAaTLITY KILL PERMIT INveSTIGATISN BE THe EFFECTS BF vISUAL 
Sytem PARAMETERS SN PILOT PERFORMANCE IN A SPECIFIC TASK 
EXVIRARMORT 


tee FUIGeET SIMULATOR IS a NaVvY TeC TWINSENGING JET TRAINER SIMI « 
Lar ope Navy TRAINING CeviICe aFicie IT INCLUDES A SIX@DECREE OF & 
FReeMiv SYNERGISTIC MOTIE6N ABASF AND A GeSEAT. 


Cee eee Lee ee eee ee ee ee eee ee ee ee Pe TPP CPP Pe Ce PPPS PPP 2 


ChAnFy, Pe Eesy ANC FARKSs De Le 

VITAL AMATI FESFARMANCE DURING WRALEeaABDY yIpRATIUN, 
Tee Per I'G C9,, wICKITA KANSAS 

TECRENICAL FEFBRT Ss D3"3517—25s NOVe 19646 


FLAY Fae Bee TRG’ Comp NY WeR D IN 

Seveh Vale EMFLAYecs 8 BE I AN Re TES The 
CAME aves FEMgR viPBatlOn F.creizy 78 DetERM ING THe CPR Ee, aF 
WRAL balY VIBRarzeN ON vysbale=Me7Ak PERFERMANCEs SIX 
TaheRats, a Lakee aD A SMALL KNOB; A rORTZONTAL AND A VERTICAL 
Levees; al a bORT ZANT AL AND 4 VERTICAL ;HUMBKREEL weRE USED re 
aPulcy pw Stabe aRO 3 [NCk Cral INCTCATOR TB aA PRESCRIBED 
SETTING, TNE PENCENT VARTABLES INCLUDED VARIATIONS IN 

VIP RaPTOh Fa&eGleNCY aNO SeVeERITY, CONTSEL FORCE REGLIREMENTS, 
ANT pack COMPLEXITY, SFeeD AND ACCURACY BF TASK ACCOMPLISHMENT 


WERE RECORDED Fy £ ACH CONDITINNG 


we eTGr baRK Leal CONCITION, VIHRATIAN JNOEPENDENT GF FREQUENCY 
ant Level, aC CANTRAL ee REGU TPE ENTS, INDI VIOUALLY 

AF eCTe’ The sPeel ANC AC URACY GF 8B FRATOAR ACUUSTMENT. The 
ryYPe aF CAN TRAL Used CIC NO7y TNFLUPNCE a~CCURACY, AND HAD BNLY 
MPh@R |RFLLENC, AN ADUUSTMENT TIME WITk MOUNTING POSTTION 

wPE yeh rLY PReECLCING THe NOyEC CIFFERENCES. 
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ChEATRAM, CeCe §*' A STUCY MF TRE CHARACTERISTICS OF HUMAN PILOT 
CANTRAL RESPANSE TH SIMLLATED AIRCRAFT LATERAL MOTIGNS. 
NACA 11979 1954-6 


* ABSTRACT * 
THFRE ARE FPRESENTEC STUCITES 9F THE CHARACTERISTICS OF PILOT 
sETLITY 78 CENTRAL CYNAMICALLY UNSTABLE YAWING OSCILLATIONS, 
sti firs eF PILAT CANTREL ResPANSeE Te SIMULATED AIRCRAFT YaWyNG 
METIONS, AND STLOIES OF TRE FEASIBILITY 8F- REPRESENTING PILOT 
CPNTRSL RESPSASE IN AN ANALYTICAL FORM, 


Poe eet ere ee eee eee ee eee PAP TPP PAP EPPS PSP PPP A PPT POP Ree SPP Se SS 


TLATETENSEN, Ke Kes AND JOHNSON, Le Le 

cTUCY Te CETERMINE METHBCS BF SIMULATING G EFFECTS. 

ARMALR BeSpaRCe FQAUNDATION @F ILLINOIS INSTITUTE BF TECHNeLAGY, 
FAR pcoRANAUTICAL ACCESSERIES RESEARCH LABARATSRY, 

ke ACGLARTERS, AJR MATERIEL EMP AND, WRIGHT@PATTERSON AFB, UF, 
wALC TECKe NATE S8=314s BCT 1958. 


* ABSTRACT *# 
MeTRACS PF SIMULATING ACCELERATION AND CECELERATIBN SENSATIBNS 
It aTRCRAFT FLIGkT SIMULATORS, WIyThAULT PREDUCTNG aCyUAL 
ACCELERATION GF CEeCELERATION, WERE DETERMINED, SIGNIFICANT 
SehcarlAvsS wee aSCeRTAINED, ahO sTUDIeS weRe CONDUCTED OF 
MeTrats AF MeCHan  CaLLY yNoGC NG HeaviNess AND IMM@BILITY 
SpN\SapITONS, CkeMICALLY INCUCING PHYSI6L6GICAL EFFECTS, 
FSYCKBLEGICALLY INCLCING EFFECTS OF ACCELERATION, AND 
CANTRELLINCG Tee VARIOUS SIMULATED EFFECTS, SeveERAL Devices 
Thay MAY INDIRECTLY INOLCE ACCELERATION EFFECTS WERE 
TRYESTIGATED,. 


MeCra~h iCal Merahs OF INDUCING aN CONTROLLING HEAVINESS AND 
IMMAEILITY ARe CONSIOEREC FeaSIAlLe, ALTRAUGH ALL DEevICES HAyE A 
eT PRESSLAE SENSATION whICH CANNOT be ELIMINATED, VISUAL 
rFFFecTS CAN Pe SIMLLATEC, ChE” ICAL SIMULATIAN DOES NOT APPEAR 
SATISFACTORY PECALSE FUNCTION WITH RESPECT TE G IS LACKING, 
ACT ES SAFETY FRECAUTIONS APE NECESSARY, AND DETRIMENTAL EFFECTS 
are EOSSTELE, A PERIOC OF EXPERIMENTAL DEVELOPMENT WILL Be 

Ne CeSSaky TS CeteRMING The BPTIMLM METRAOS ANC TS MAKE A FULL 
EVALUATION GF Tre EFF ECTIVENr SS AF THe SIMULATEC SENSATIENS, 

(AL TERES) 


ware rerreLrtLeeEPCCPCCCC SSUES SPRL e eS eS eee RAR oe 
DYNAMIC RESFONSE BF KUMAN LINEARVECTION, SeMe 


h. 
REPARTMENT OF AERONAUTICS AND ASTRUNAUTICS, MASSACHU« 
STITUTE SF TECHNOLOGY, CANUARY 149766 


Che, aye 
TrFels, 
Setts TN 
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¢ ARSTRACT «# 
ThE FUTETIGN BF RLMAN VISUALLY INDUCED SENSATISN 6F LINEAR 
METTAR (LINEARVECTIAN) waAS EXAMINEC. TRE EXPERIMENTS 
CES eeRMERm aERE wATILY DESIGNED TE INVESTIGATE TRE FREQUEKCY 
ReShense SF Tre BLNAN LINEARVECTIBS MECHANISM. IT WAS SHOWN 
TRAT BeTh THE GATN AND FRASE EXRIBITED STEACY CECREASE FO6R 
[INCREASING FREGLEACY. ASYMMETRY ITM The RESPONSE WAS ALSO 
CyLPYET. IT WAS SFBAN TRAT VISUALLY IACUCED CEWNWARD MOVING 
Se’ Sa7rar IS STRANGER TRAN Tre SENSATIAGN OF LPWARD MOTIE6Ne 
TreekRe oLS8 SeEmMeO TA EF A STRBSGFR BACKWARD MAVING SENSATION 
THAN Yre FMRAARC GhEe TRE BREAK FRFGUEACY wAS FEUND T6 BE 
APPRAxIMaATELY Cel Ze 


wate renPrereereeerereee ees ee ee CPR eee Ree eee eee eee ee eee eee eee eee Sf 


CLARK, BRANTe VISUAL SFACE PETCEPTION aS INFLUENCED BY UNUSUAL 
VESTTMLLAR STIMLLATTANe 'HUMAN FACTOARS'1, VOL~6 Ss JUNE 1963, 

Be ZeSe274> 

CeeaRyMenT OF eSYCKALEGY, SAN JASE STATE COLLEGEs SAN JOSE, CA, 


* ABSTRA 

PLP IAG FLIGRT IN AIRCRAFT] AND SPACECRAFT, PILOTS ARE REGULARLY 
SLP Crem T8 LALSLaL FORCE ENVIRONMENTS, These FORCES NOT ONLY 
TNELLENCE pty 3 QF PRESSURE @SENSITIVE MeCHANISMS BUT, IN 
PARTICULAR, lial StiMLLate THe VESTIBULAR Macy ah 8F ThE IsNge 
rar . Te Latte? SOLRCE BF INFORM ayy R EGA ING SParlIal & IgN TAe 
Ty"* MAY Be IN ACCH RO wort TNF AkKMarTyON DBM CyReCy yISUaL STIMUe? 
LaTIOPN OF IT MaY Be IN CONFLICT WITH It, IN The FIRST CAS_, 

7 wekee SPaCy FekCEPTION MAY LE + xPECTED, ibaa! IN THE SECOND 
ree CrPTTAN yo FREGUENTLY NONVERTOyCal, THIS ated IN CON, 
prene” ERRORS TN Cuber ens WITH 8eSPeCT 76 MATION OF yISUAL OB. 
eg CFS AND OTN tke PILOT'S ESTIMATES AF the OBUECTS!# PESITION, 
The Sp ¢REOKS, PerFekrED TH Ky PILOTS AS tVERTIGUI, ARE BELIEVED 
TA er SF IMpP@RTANCE IN SILETING AIRCRAFT AND SPACECRAFT WHERE 
tke eylfreS TASK Thy8lbveS ACTIBNS RASEC BN VISUAL SpaCe pERCEP. 


TIMNe 
Pa CERES Ce Le BAA Bd heii tele dt del ded eh tee hb eee oko hl 


CLakk, Bl 'TRRESRALES FOR THe PERCEPTION BF ANGULAR aCCeleRaTy@N 


IX Makte ft taERBSEa~CE MEDICINE 's 19674382443"450°% 


* ABSTRACT * 
TRIS PaFeR RevighS ph S7LCIES wRICH REPAR]T STIMULUS THRESHOLDS 
Fee pee PEACEF TIAN AF ANGLLAR ACCELERATION IN MAN, GF TRESE, BNE 
Is Fee Robb antl one Fak PITCH; ALL ATHERS ARE FaR YAWe THESE 
Peeec CONStitt te a MISCELLANY BF DEFINITIONS OF THRESHOLD, 
ratris CeyrCes ahD PSyCrAPHYSICaL MeyrkODOS, ThE THRESHOLDS 
mid A C yARIgl PeTyee’ C0635 PEGREES AND Bee VEGREES/SEC(2) 
WIth a MeCIAN DF APALT 4 DeEGREEsSEC(2). The RESULTS OF THE 
rFFeCr> OF SpVeRAL FXPERIMP TAL VARIABLES ON THRESHOLOS ARE 
Geviguel, Tee CATA SLPFBRT THE NOTION THAT MAN IS EXTREMELY 
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Se Strive TH anGlLak ACCELERATION, PARTICULARLY UNDER SP 7I]MUM 
CANCITISSSe KHWEVER, THO CRITICAL LIMITATIONS OF TkESE STLOIES 
(Tees ThE SMALL AUMBER 6F ARSERVERS STLOJEU anD The LaCk AF 
CySeCy MpastRes AF aNGULaR a~CCFELeERaTIan ) AND the VARIATION JIN 
reTRACILAGY PeTares STUCIES LIMIT THE GENERALIZATIONS FROM THE 
MATAe 


wae RP POP Ree eee ere ee eee Pee EPC ERE A SPCR PERE PERS RSE ERS PRES 


CLARK, &,. TRE vESTIBULAR SYSTEM. ANNUAL REVIEW OF PSYCHALEGY, 
Vale 21» 197Cs 4739"206°8 


* ABSTRACT # 

THIS TS TRE FIRET REVIEW IN TRE ANNUAL REVIEW OF PSYCHOLOGY Dee 
veTED EXCLUSIVELY T8 THE VESTIEULAR SYSTEM. ThE TIME SPAN FOR 
TRIS RE VIE" CAVERECD TRE PERTAD FROM MI D-1965 TO MIDe1968- INeo 
TEREST IN The veSTIPULAR SYSTEY woe ee EM CURING TRIS PEriPb as 
a Fesuly @F The CeveLOFMeNT GF MANNEE cPaCe FLIGHT, THe NeW SIT. 
LATIONS CONNECTED wy Tk SP Ac FLIGHT (E.Gey ZERB GRAVITY, RI. 
TATING SPACE FLATFARMS) have RAISeD Beth PRACTICAL AND TheBReTLe 
Cal GleSTIANs ApELT The FUNC TIAN 5. THe VESTIBLLAR SySTem IN 
Mates SRyeETATION Th SPaCe aND KIS EFFICIENCY WHEN He IS IN MBq 
TIN, TRESE THA FRAELEMS ARE TRE CANCERN @F THIS RevIEWe 


Tare rrr eer rere ee Pere PreErCESCeEeVeEreee CEPR SPCR RSET RRR hee ee ee 


CULAR OH, Filer RePARYS BF DrSURTENTATIAN ACROSS 44 YEARS OF 
FLIGky, ‘tsERASFACE MEDICINE. 42(7)2 708°712+ 19716 


* ARSTRACT_# 

The FLRPASe @F RIS STLCY wae TO COMPARE ReCenTt INCICENTS 

IP VAL YING EISeRIENTATIEN IN FLIGHT PEPRATED BY 336 AIR FERCE, 
ARMY, AND NAVY PILOTS WITR INCICENTS REPORTED BY 437 PILUTS IN 
195%. TRE PILOTS RepAPTEC THEIR ExpERIENCES USING A CHECK LIST 
tST a wRYTTEN CeESCRIPTION GF AN EXPERIENCE WITh DISORIENTATION 
Th. Tee ATRCRAFT. The Y WERE FLYING AT THe TIMEe ThE LATTER 
TNCLLCECD ac INCICEKTS weICH SCCLRRED [NK SUPPORT BF BPERATIAENS 
IN vIETNAM. The RepORTS HF OLSORIENTATION Sh6nED A STRIKING 
SI™ILAPITY ACROSS TYPES BF AIRCRAFT FLAW BVER 14 YEARS OF 
FLYING, aS WELL AS WITH The INCIDENTS BCCURRING IN VIETNAM, 
aad YY, uE SAme vARIATIOt IN REPORTS BETWEEN AIRCRAFT TYPES WAS 
NSTEr TRESE RerBFTS Ae CISSRIENTATION SUGGEST THAT DISORIENT. 
ATTAK. IS CURRENTLY eXPrRIENC.O IN A WICr¢ VARIETY 6F FLIGHT 
9FrRatisnsS ANC teat IT wILL CONTINUE TH BE EXPERIENCED BY 
AIRCRAFT FILATS 


Tarrrr rrr rrr ee PeCPererereESCECOCCOLOS eS ESE SERS RSS A RSE ARR RR DS 


CLARK, B, aN GRAYPI¢L» Ae APPARENT ROTATION OF A Tk ee 2 
ASSAC Patel WI7e LINEAR aCCeLeRATION IN FLIGHT, AMERICAN JOURNAL 
SF RPETRALMILAGY, vil 32» NOs we APRIL 4949s 
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* ABSTRACT +* 
The FLEFAS AF TRIS STUCY wWaS T& DFTERMINE THE EFFECTS OF 
LISFAR ACCELERATION ANC CECELERATICGN ON THE VISUAL PERCEPTI6N 
SE A TARCET IN TRE CARK. THREE SUPUECTS BESERVEC A CB8LLIMATED 
STAR? [TR THE CARK bhILE THE PILOT BF av SNUeG& AIRCRAFT 
FXEE@L TIC vARTIALS CrGREFS OF LINEAR ACCELERATIGNe THE SUBYECTS 
GAVE A RUNNING ACCOLNT @F The PEFAVI6BR AF THE STARK USING A 
TERA AT MICRGFREGANE CAHNAFCTED TA A WIRE FECS8RDER. 


Thr Feecrs Preclcel REPRESENTEL THE RANGE AF ACCELERATIONS ANC 
PeCelLeRatIONS PCCLEING IN THe NORMAL BPERATIAON BF TRE AIRCRAFT, 
FEE FakCeS WERE MEASURFC BY A TreREE COAMFANENT ACCELEROMETER 
weTER SkiheOS TRAT ACCELERATIVE AND DECELERATIVE FORCES BUILT UP 
TH A MAXTMLM IN APPRAXIMATELY 5e5 SECBNOS AND WITHIN 2 T6 3 
SFlARCS PEGAN TH CF@F AFF SLAWLY Th ZERAe ‘ 


Net Be GLLT BF Teese ACCELERATINNS ANC CEeCELEFATIENS WAS TA 
CFRKARGE BaTh Tre MAGNITUCE AND Tee CYRECTIGN BF THE RESULTANT 
FASE; ACTING BK Tee SUBLECT, Tee MAGNITUDE OF THE MAXIMUM 
ReSlLpaNT FURCES yARIED BETwWee™ 14600046 AND 1.¢9@5G AND ITS 
ChANGe Th PIFECTION VARTEC BETWEEN 1¢7 DEGREES ANU 2307 DEGREES 


RARER Fee SUBSE CTS FaCeD TO The LEFT IN THE AIRCRAFT, THE 
Sa™payING LINES BF THE STAR APPEARED TH ROTATE ABOUT The 
CeNyeaL PAINT 7A a NeW FOSTTIOS. THIS RETATIGN WAS CLOCKWISE 
nteine CeCeLeRaTIAON® AND COUNTERCLACKWISp DURING ACCELERATISN, 
aS tke FARCE BECAME SMALLER, The STAR APPEARED TO ROTATE BACK 
7A TS NORMAL FESTTIBN, THIS ILLUSORY ROTATION GSCCURRED at ALL 


STIFLLLE LEVELS. 


Tee FRR-SFOLCS EF LINEAR DeCeLERATIAN FOR METISN AND DISPLACE. 
MENT wERE 60C67G ANC gec7aG RESPECTIVELYe ALL SF Tre LINEAR 
ACCeLchATIANS LS_eC we RE ABB ye TRRESHBLE, THE MEAN MAXIMUM 
R@vatpoN CURING CeCelLeRATION INCREASED aS The DeCELERATI vE 
FAPE: TNCReASeO, tke MAXIMUM ESTIMATED ROTATION REPGRTED BEING 
16 EEGREFS-. 


teeRe waS aLS9S a PESITI ye RELATION BeTWeEN THE MAXIMUM FORCE 
ahP ye- OLRa TEN BF THe JLLUSORY eFFeCrT, THe ACCEL ERATI ve 
eFFecrS mle p8T Spthw A CORSISTERT VARIATION WITRK THE MAXIMUM 
ChahGe tt THe ACCelp Rati ve FARCE, The RESULTS ARE SIMILAR YO 
THOSE resekvel AK 7p BUMa~N CeNTRIF UG. AND SHOW TRAT LINEAR 
aCFelekarIAN ANC CeCelbeRatiIAn CURING FLIGHT HAVE A MARKEL 
INFLUENCE LPAR vishal PeRCEPTIUN TN The DARK, ALTHBUGH THE 
BpeeRyel RATATIANS wee SMALL, TKEY wWEeRE CLEARLY DEFINED aNd 
MaY ig Cans[lekeD A Be FACTARS CONTRIBUTING 78 DISA@RIENTATION 


TR FILATSe 
BF MH HHH HEHEHE HH RHEE HEHEHE HEHEHE 


CLARK, #, AND GRayPiel, ave ILLLUSBRY PeRCEPTION OF RETATION 
FALL4,Ihc CANSTANT TURAS IN a LINK TRAINER. REPORT NM 


Col eSSechedis KAYVAL SCF@BL BF AVIATIEN MEDICINEs 145 AUGUST 1952 
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* ABSTRACT * 
TETS ThVESTIGATIBN WAS CESIGNES TH STUDY THE CURATION OF 
ILLLSSRY FERCEFTIGN SBF ROTATIAS FBLLOWIAG CENSTANT TURNS JN a 
LINK JRATNER. Tree SUBUECTS WERE TURNED IN A LINK TRAINER AT 
196 RPM IN A CAMFLeETELY CARK RAUM USYNG Six ap 8 AN IERV ALS 
SF CANSTANT TLREA, THIRTYe@NE FLIGHT STUDENTS REPORTED The IR 
Fe®CePrran 8F FatatTreN Bete DURTKG ANC FelLywyNG THe TURNS, 
Tez MaxyMlM ILLLSBRY EFFECTS BCCURRED wWrEN Tre CONSTANT TURN 
vac KeLC FAR a ReLatIVely his arate Peky;@0 AF TIME. a3 
CLR ayyoN OF phy yLLLS TEN INCREAS SFAFPLY AS THe PeRIUD GF 
CaScrahy TERN INCREASED LP 78 APPRHXIMATELY 39 SECONDS, AND 
teceFeaFteR, INCReaSel SLOWLY UP TA 69 SpCBNDS wITH A SLIGHT 
TNCRe ASe gVICENy LP 76 THO MINUTES, IN MOBSe CaSES THe ILLUSBRY 
cEFFeCyS weRe Nz BkSERVEC WHEN Tre PeERIAD AF CONSTANT TURN WAS 
NpaAR 7e88, These ReShl7s SHAW TKAT PILATS whe HOLD PROLONGED 
C8NSya*7 SFeel yoRNS Ih at AIRCRAFT WITKOUT ADEGUATE VISUAL 
AR TENz ATION ae FaPTICULaRLy SLSCEPTIBLe 78 ILLUSBRY PERCEP, 
TIAKS AP RApayION, TheSe ILLUSORY EFF ETS CAN Be cxPeECTED IN 
RARMaL Naval avraTzARS anl tHeY SkeULD Ke MADE FaMILiaR WiyH THe 
Faly pray SUCK FLLLSARY FeRCEPTIENS ARe NORMAL aND MaY Be 
exPeCyee FALL AwyNG ERSLONGEO CONSTANT SPEED TURNS IN FLIGHT, 


Tarren er eC ere Cer eCreC CEC CC ES eee Cee eee eee PPPS eC APP ee ee 


CLARK, B, ANC GRAYFIEL, A, FACTBFS CaXTRIBUTING TE THE DELAY 
Th tke PeRCEPTIAN SF THe BCULOGRAyIC ILLUSION, AMERICAN JOURNAL 
RF ESYCKSLEGY', VALe 79, SEPTe 19668 


* ABSTRACT # 
Tee PURPASE Ae TRIS STUCY WAS TS BRSERVE THE EFFECTS SBF FACTORS 
aFkTCk CANTRIBL Te. Th The Celay IN THe ChkaNGe IN T e P_RCEPTIAN OF 
Tee KART ZOKTAL FaLLewiNc A CKAGe 1 Tre OITRECTIS BF RESULTANT 
FRRCe ACTING 6A A SLBUECT (TRE SCULOAGRAVIC ILLUSION), Five 
NPRMaAL ANC eIGRT LAPYRINTHING CeFeCrlve MeN WeRe STUDIED IN A 
SLO RSTATIGN RAAM, FOUR SEPARATE EXPERIMENTS weRE CONDUCTED 
hITTh CRANGES IN CIFECTIAN 6F RESULTANT FARCE BF 2g CEGREES 6R 30 
CeGFreS ACTING SN The SLBUECTS.e The RESULTS SHOWED VERY SMALL 
FFFECTS ®F PREExPESLREeCBNDITISNS PRIOR TA THe CHANGE IN DIREC. 
TYAR AF RESULTANT FERCE, BN TRE OTHER FAND, DELAYS IN ThE PRE. 
SeXtartrIean 8F A LLMINSUS TARGET FOLLOWIKG A CHANGE IN THE 
SeSLLTANT FARCE ANC BEFORE SeTTINGS TO THE VISUAL HERIZSNTAL 
ACCLRR-C FROCLCED MAJOR, SYSTEMATIC EFFECTS ON THE PERCEPTIG!s 
ree yPSlal MARIZINTAL, TheSe RESLLTS ARe DISCUSSED IN TERMS b5 
ThE TNTERACTISN AF yISUAL AND GRAVITATIANAL CLES IN PRODUCT? 
THE LAGeEFFECT, 


Tere rrr TCP EPP ECMEPEPC CREPES ERC RRS E SERA SEE RS BS ES 8D De 


CLARK, Pe AND GRAYPIELs Ac INFLURNCeE HF CUNTACT CLyYS 
eePCre ti iN YF Tre ACLLEGRAVIC ILLUSION, tACTA BTGe\ Ab 
eer 372e3"C% 146" 
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* ABSTRACT # 
MEASLREMPATS hERE MACE ON FIVE NARMAL ANU FIVE LABYRINTHINES 
PeFECTIVE MEN WEEN THEY ST@OD ERECT IN a ROOM WRILE IT WAS STAe 
TIANARY ANC AGAIN WHEN IT KAS RBTATING. TRE PRECEDURE WAS 
TeESIGNED THY FRELLCE TWO SITUATIONS FOR THE NORMAL MEN IN WHICH 
TAL TTR ANC NAKETALITH INFGRMATIAN WERE SYNERGISTIC AND THREE 
THER Th WMICk TREY WERE ANTASANISTIC, PERCEPTION BF THE VISUAL 
FPRTZB\ TAL OLRING ROTATION WAS NAOT SYSTEMATICALLY RELATED T@ 
PrFFEREACES IN FFAD AND BODY PSSITIEN ABR WERE THERE SIGNIF ICANT 
TrPFERENCES PETWEEN THE NORMAL AKC LeD MENe THE RESULTS SHOW 
THAT NONATALITH TNFARMATION PREDAMINATES IN THIS EXPERIMENTAL 
STTLATION « 


ee ee ee ee ee Pee eR PPP ee eee Pe ee EPP CPSP POCA PEP RPE ET ESE 


CLARK, PB. ANC MACCIRGUACALE, Ke TRE EFFECTS @F REPEATED RETARY 
ACCELERATION BN TRE ACULOSGYRAL ISSUSIANe JOURNAL OF EXPERIMEN. 
TAL PSYCHOLOGY» VOAL39eNG0 2, PPe 219227 APRIL 19496 


: * ABSTRACT «# 
Yer FF ECTS 8F RePraTeO ANGULAR ACCELERATION AND CeCelLeRaTIAON 
AN vEPSlaAL PERCEPTION weRe STLOIEC IN THREE SLBYECTS TE 
ESTARLISH aHeTRER ANY CkaNGe IN THe SCULE.GYRaL ILLUSIEN wWEULD 
SCCLR, The SLBUFCTS WERE ROTATED WHILE THEY SAT IN A LINK 
yRaTNe  wRICHK RB7aTEC ANLY a~BOUT a VERTICAL axISe THE SUBuECTS 
weRe TURNED FOR yo SLUCCESSIyp TRIALS AT ThReE RPM AND THEN FOR 
10 ¢UCCesslve TRIALe AT 2c PPM BN 10 slCCesslye CAYse ON THE 
FALLAWTNG FOLK CAYS The SUBYECTS TABk 49 SUCCESSIVE TRIALS AT 
fey FRM, MEASLES AF THe ANGULAR ACCELERATIONS AND De CELERATIFON 
wee AVATLABLE AT The SLOWER ROTATIAN SPEEDS THE SUBYECTS 
SPSERyeC A CAMPLEX TAPGeT IN THE DARK a~vO RepeRTEC THE ONSET 
ANC AFF ST] OF tee ICULALGYRaL ILLUSTGN FALLOWING BATH ACCELERAL 
yyAn ant Cy CeleRatian Fak eaCH TRIAL. THE CURATION OF The 
ePFecys waS Re CARCe£ IN AN ADJACENT ROOM BY Tre EXPERIMENTER, 
Ter Teepe SLBLECTS WERE FAMILIAR WITH THE EFFECTS 6BSERVED, 
BUT Thy FAD NGy BegN R6TATED FOR APPROXIMATELY ONE yEAR, SO 
RY weRe SUlyaelLe FOR a STUDY 6F HABITUATION, 


NR Ces Ce AF FABTTUATION WaS FEHUND FAR aNY OF yhe EFFECTS 
apset yk, Crewe taTELe PaLLen ING ACCELERATION ANO E Eri ERATION 
THe Sli CTS ReeA9RteD APPARENT MOTION BF THE TARGET (SCUL6~ 
+VFal TLLLSION, FIRST EFFECT), THEY ALSO REPORTED A REVERSAL 
MF THs MOTIBN hheh The FIRST EFFECT ENDED; ON SOME TRIALS, 

PNE SLHLE CT REPARTED A THIRD EFFECT SF BRIEF CURATION FOLLOWING 
he <SeCANC EFFECT, A DETAILED ANALYSIS OF THe ThRee EFFECTS 
shaw, ES AN RAP] TLATION FOR ANY ONE OF TREM NOR FOR THe TOTAL 
TLR ay an OF Tee APPARENT MOTION, THE RESULTS aLSO@ SUPPORT THe 
YPPTR-SIS TRAT Tee MYSTAGMUS REMAINED UNCHANGED. ALTHOUGH 
HTS sTLPY DOes Not PRECLUDE he PessretLirY @F ee oF 
tHE ACLLASGYRAL FTLLUSTON Unbee 8tHER CAXOITIONS, IT IS CLEAR 
yeay KAR PTUATIGN COeS NOT WeCeSSARILY FALLOW aq SERIES BF STRONG 
ROTARY ACEFLERAT IB» 8 ANC DECFELERATIONS, 
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CLARK, BE, ANC NICKGLSOM, MeAe AVIATARIS VERTIGOS A CAUSE OF 
FILAT ERROR IN NAVAL AVIATIAN STLDENTS, wYBURNAL BF AVIATION 
MEPFICINEs 252 171/17901954 


* ABSTRACT * 

A GLESTIANNAIRE CONCERNING STULENT PILATS EXPERTENCES WITH 
PIS@RyYENTATIAN was ACMINISTERED TE p26 BASIC STUDENTS AND 276 
ACVanhCEC STUCENTS IA THE NAVAL AIR TRAINING COMMAND, THe FIRS 
FaFy 8F ree GLESTIANNAITRE ASKEE The STUDENTS 7O WRITE 
PesCR Py ONS BF SPeCIFIC FLYGHT EX ER LEMSEr wees TE SECOND 
FARy OF phe GClrSTIGNNaTKe CANSISTED BF a CHECK LIST OF PILOTS» 
FXPERLERCES with CISORIENTATION, THE WRITTEN CESCRIPTIONS 
aFFARC ED ETArt g INFORF ATION ReGaRDING TYPES OF VekTIGO 
ExXPeBrenCe PY FLIGkT S7TUCeENTS, BUT THe MAJER ANALYSIS WaS 
PASE PN The RespONseS TO The CHeCk LIST, IN THIS ANALYSIS, IT 
haS FOUN wHat eveRY VERTIGN ITEM Kas MaRKeD BY AT _WeAST BNE 
STLCeEN Te. THE Iter ase! Ls Tae aheeTest tating eta erent 

2 PER CENT) WAS Tr wAS AN APPARENT TU W T 
Ife eREr ERTS Inc iCaTed St AGH AND Level. THe MEAN NUMBER OF 
ITeE”S MaRKeD BY BASIC STUCENTS WAS Ge2eQ AND THE MEAN NUMBER 
MArKee BY ADVANCED STUDENTS WAS 1368660 ALTHOUGH 4 PER CENT OF 
tke RASIC STLCENTS MARKED NA ITEMS, ALL BF The ADVANCED 
cTUCents RePORrel AT LEAST ONE EXPERIENCE WITH VERTIG® AND | 
16 Fe CeNt OF Tre STUDENTS IN The TETAL GROUP MARKED TWENTY 
ITEMS SR MARE, 


The CATA ReyeAleD THAT Tre MOST COMMBN TYPE Oe vERTIGS 
exPeRiehCel By StUCENT PILATS TRvOL ye CBNFUS;ONS WITH REGARD 
76 arrityu ANC POSITION GF THE ATRCRAFT, ALTROUGH CENFUSIONS 
kIT he GARE TA yISLAL PERCEPTIUN WERE cAaMMeN, TheSe DATA ARE 
CANVIACING EVIDENCE THAT VERTIGO IS EXpERIENCED SBBNER BR LATER 
Py STLDeNT PILOTS IN THEIR RAINING ANC THAT TheRE IS A CLOSE 
ReLATIANSFIP BEThEEN VERTIG@ AND AVIATIAN SAFETY 


PTwRPUPEPPTEECEASEEVECECECO CESSES EC OPEC ERS TEREST ETS ERE SD So 


CLARK, B, AND STEWART» wele 'PERCEPTIBN GF ANGULAR ACCELERATION 
ABSLT Tee YAW AXIS BF A FLIGHT SIMULATOR: THRESHEBLDS AND REAC. 
TI9n LATEACY FOR RESEARCK PILOTSe! 'tAFROSPACE MEDICINE 's 1962, 


33°14e607,4326 


* ABSTRACT * 
TERESKELCS FOR Tee PERCEPTION SF ANGULAR ACCELERATIBN AND 
Re ACTION LATENCIES FBR ACCELERATIONS IN THE REGION OF THE 
Tree ShALC wERe CrTeRMINEC ON THE AMES THREE DEGREES «OF FREEDOM 
Sy*ULataR, TRIS SIMULATOR waS CONTROLLED BY aN ANALOG COMPUTER 
SrGnat art pack ANGLLAR ACCeLERATION WaS MEASURED THROUGHOUT 
TTS 1¢ SeCONC CURATION BY AN ANGULAR ACCELERAMETER. A FORCED 
CHAICe FROCECLPE WAS USEC, The SLBUECT REING REQUIRED TS REPORT 
tke DTSeCTIAN AF RATATIGN GN EAChk TRIAL, FiIv_ SUBUECTS, 
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INCLLCEING TRREE RESEARCr PILOTS,» WHA KAD HAD CONSIDERABLE . 
EXPERIENCE IN AIRCRAFT ANC IN ROTATING CEVICES WERE STUDIED. J 
TRRESKHLES WERE DETERMINEC FROM PLOTS AF THE PER CENT CORRECT 

RESFANSE AT EACk STIMULLS LEVEL. THE TRRESHOBLC CEFINED AS THE 

LEVEL ®F 75 FER CENT C@RRECT RESPONSE» RANGEC FROM Qel2 CEG. 

TA Co17 CEGe/SEC(2)4 THE THRESHKALDS FOR THE RESEARCr PILOTS 

PETAG VERY CLOSE TF THE TRRESHYLCS BF THE BTHER SUBJECTS. 

REACTIGN LATFEACIFS WERE FOUND 78 VARY [NVERSELY WITH THE 

ANGLLAK ACCELERATIAPKs ANC THE LATENCY AT THRESFALD VALUES 

VASTEL FROM 76? TS 1169 SECANDS* AT ANGULAR ACCELERATIONS O6F 

re6 CEGREES/SEC(2) WHERE ALL SUBVECTS REPORTED WITHSUT ERROR 

TRF EAN RFACTION LATENCIES VARIED BETmEEN 30] AND 602 SECONCES 

be OLE IN TRE REGION 8F 1¢C DEGREES/SEC(2) THE REACTION LATENCY 

VARTFC FRO” O65 TE 10 SECSNDe 


TEP EP RORPESES EES ERP SES ELE SE RRP SSA SESE RR ERE SRP EEE REPRESS TREE YD 


CLARK, Ge AND STEWART, vweDe VESTIBULAR AND NONVESTIBULAR INFOR® 
MaTIOn IN QUCGMENTS SF ATTITUDE AND C8RISLIS MBTIGN IN A PILOTED 
FLIGhY SIMULATOR, AERSSPACE MEDICINE, SEPTe 19672 936°940 


* ABSTRACT * 
tHe FURFASF AF TryS STULY Was TA INvESTIGATE The MBDULATION OF 
VESTIBULAR RESPANSES BY TACTUAL AND PRAPRIOCEPTIVE STIMULT IN 
tee PERCEPTION BF MATION AND COCKPIT atTITUDE IN A ROTATING 
FLIGHy SIMLLATOF, -IGHT BBSeRvERS wWeRe RATATED IN Tig COCKP] 7 OF 
Te® AF RATATIGN, CURING The ROTATIBN, The COCKPIT OR THE HEAD 
ab Bory waS PITChEC 35 CeGReES BR 70 MEGREES TO PRBOUCE 
CaFreyis aCCelLeRaTIONS. HEAD NS0DING waS ALSO STUDIED, The Rew 
FReg 0 CARIOLTS ROTATIONS WeRe veERY SIMILAR FOR The THREE METHe 
AS SF FRECUCING FeaD MOTIAN, AND [7 WAS CENCLUDED THAT BRIOLIS 
Berar sn IN TRIS SITUATION waS NO7 MODULATED IN ANY SIGNIFICANT 
waY FY rhe OTkER SENSORY INFGRMATISN AyAILABLe TO Tre OBS evens 
AR qhe ST eR FRANC vk ESTIMATES GF THe aris GF THe COCKPIT 
wetle pee Feat av pOCy PITCHED DOwN weRe veRY SIMILAR 78 TrOGE 
Wheh pee BODY was Py7CHeC UP, FAR BATH COND] TIONS, 7H ESTIMATES 


MF CeckFry atqtiq7uC¢ rNOjCareO tTHay tHe NOSE BF yHe COCKPIy WaS 
wh PGeC 78 Pe LBhWeR pRaN [7S ws Si FROM yHe ReSuL TAN forte 
PUR TAG RATATION at THe LOWER VELACI TIES, WHILE aT 12 RPM THe ESe 


TIMATES wee GLITE vERICICAL, ThE DATA SUGGEST, ThEREFORE, THAT 
Tee FSTIMATES AF aTTITUCeE APE CePet DENT UPON TACTUAL AND PR6, 
FrrecePriVe INFARMATISN aS WeLL aS UPON INFORMATION FREM the 
VESTTPLL AR MECKANISM. 

POE RUMERERELESCSEEE OCC OSCE SCRE EER DD) 
CLaRk, B, AND SpehWARD, 2.0, MAGNy TUDE ESTIMATES OF ROTATIONAL 
venre ite CLERIAG aNd FOLLOWING PRALANGeEC INCREASING, CONSTANT 

an 


6 2-Re ANGULAR ACCCLERATIAN, GOURNAL GF EXPERIMENTAL PSYCHOL. 
AGYs 19684 VOL*> 78+ N6* 2s 3297339 = 
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* ABSTRACT *# 
VEFLACTTY OF RATATION WAS ABSERVED FY 1¢ SUBJECTS IN A ROTATING 
SIMLLATAR CURING AKC FALLUAING ACCELERATIONS ABOUT a VERTICAL 
AXTS weICh VARIEC BETWEEN «5 DEGREES @ 4¢5 VEGREES PER S_COND 
sglbakel ah? cue CEGREES © 2030 OgGREESs PER SECOND CUBED AND 
CPNTINGED FOR 229 MIN, TRIALS WITH ACCELERATION Weke ALSO IN, 
CLLUCeC, racy roe pSTIiates AF VELOCITY OF ROTATION Eee 
AND then Geek thee DURING THe CONSTANT ACCeLeRATIONS, WHICE MORe 
CAYFLEX cFFeCrs SCCLRREC DURING INCREASING ACCELERATIONS, AFTER® 
eFFeCtS aND AN albyOKINe TIC eFFeCT WeRe alLSO OBSERVED, CURRENT 
TREARY pF VeSTIEUL aR FUNCTION 1S CANS]CERED IN THe LIGHy OF 
THESE RESULTS. 


(Roe OPEC PR RRES ESOC ESP ERE SESE CSREES EEE PREPS EET ERR EEE SEER EERE ST 


CLARK, By, ANC STEWARTs vele COMPARISUN AF THREE METHODS T6 Dee 
TERMINE TRRESFBLCS FER FeRCePTION AF ANGULAR aCCELERaTION,, 
TKE taMERICAN vo, BF PSYCHGLAGY's 1968 VOLe> LXXXIs 207-2166 


# ABSTRACT # 
THE PLRPASE BF thys STUCY Was TO CAMPake THRee PSYCHAPHYSCaL 
MeThACS use 0 1h De TERM INE THRE SKELDS Fok THe BeRCgPT ION oF ANGU. 
LaF aCCeLeRATIAN IN MAN, SIXTEEN MEN WITH NORMAL VESTIBULAR 
FUNCT AN WERE splOzeD UsrhG rHReE RaNDgh FeRCeEC.CHEy;CE PRECE. 
PLSeS wre A SIMULATOR RBpATING SUBYECT ABBUT A VERTICAL AXIS, 
TREE CONSTANT METHOL, USING A 1CeSEC. CANSTANT ACCELERATION, WAS 
FALKN 7r@ Be Tee MOST RELIABLE, AND THERE WAS a HIGH CORRELATION 
cethegh THRESFBLOCS CETERM JNe0 BY A oe aaa bs RANDeM DeUgle. 
srarkCase Mego aXO phe CBNSTANT MeThaD, THe CONSTANTLY.IN, 
CREASTNG ACCEL RA Jens SF THe RaMP ETrao WeRe FOUND T8 PREDUCE 
UNFeLlaple E vo AL ReSULyS, THe THRESHOLDS De TERMINED BY THe 
CANEpaNy AKD StaIRCASe Me THECS FOR 16 SUBJECTS vA 
cen? CEGREES ANC 4639 CEGREES PER SECB8ND CUBED. 


IeO0 BETWEEN 


PWEPUPUPTTEELECEOEEESCESC OSES EPEC OSE ESE CEES ETCETERA ES SRSA SS 


CLaRk, Ry aNC STEWARTs velo COMPARISON OF SENSITIVITY FOR THE 
FeRCeFrian OF ReCILY RATATI@N AND THE ACULOGYRAL ILLUSION, tPERe 
CEFTIAN aND FSYCRKGFFYSICSe', 1968, VOL. 3 (4A)e 


» ABSTRACT _« 
tke PLRP@S, BF TRIS STUCY wWaS TO CAMPARE THE SENSITIVITY OF 
bLP aS 79 ANGLLAR ACCELERATION USING Tre PERCEPTION GF RETATIBN 
ANC The PERCEPTION BF Tre BCLLOGYRAL ILCUSTON AS TW6 INDICATORS. 
teN Meh wITH NORMAL VESTIBULAR FUNCTIONS WERE STUDIED IN A 
parC! IGN ROTATI@N CeVICeE USING A RANDAM, FORCED CHBICE, DOUBLE 
Tree ACULSGYRAL ILLLSIBN WERE FOUND 78 BE SUBSTANTIALLY AND SIGe 
NTF ICA eLY LAWEF TRAN TRRESHULOS FAR The PERCEPTION OF ROTATIONS 
the IMPLICATIBKS BF THeSe FLNDINGS FOR AN UNDERSTANDING OF THE 
ACLLAGYRagl ILLLSTON aRp OLSCUuSS_eo, 
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TSErRPEPPEOSETESERERS ESSE S SESE RSS ESSE ERPS ERS RE RRR ERAT RS EE 


CLARK, F. AND STEWARTs Cele TRRESHBLOS FAR TRE PERCEPTI6N OF 
ANGLL AF ACCELERATION DETERMINED IN A PRECISION ROTATION CEVICE, 
A Fp~PeR PRESENTED AT MEETING BF TRE AER@SPACE MECICAL ASSOCI Aq 
TIM, MIAMI PEACH, FLARICAs MAY 689% 159686 


* ABSTRACT * 
TES FLRFASE BF TRIS STUCY was TA DETERMINE ThE SENSITIVITY 6F 
NO@SMAL RUMAN BESERVERS TB ANGULAP ACCELERATIGN AB6UT THEIR YAiw 
AXTSs THE CATA hERE OBTAINED FUR 33 NORMAL MEN USING A BNES 
CeCeeeeereFREECEM SIMULATBP WHICrk CHULC PRAEDUCE ANGULAR ACCELER® 
ATTOXS WIT NARF@W LIMITS OF ERRAR, A FARCED.ChAICE, RaNDam, 
PALELe STAIRCASE METHOD waS USED TA PRESENT TRE STIMULI. 
THReseeLCOS FAR Tke PERCEPTIAN OF ROTATION FOR THESE 33 MEN WERE 
FELAT TA VARY BETWEEN O«C5S DEGREES 19 2.2 DEGREES PER SECOND 
eglafeO wITh A MEAN SF Ce4e DEGREES PER oe SGLARED (S,0, »« 
ce4c EEGREES FER SECOND SGUAREL) AND A MEDIAN GF Qe2g9 DEGREES 
Pe® SeConC SqlakeC. TRESE DATA INDICATE THAT NORMAL MEN FAVE 
EXTREMELY RIGR SENSITIVITY 7A ANGULAR ACCELERATION aBBUT TREIR 
YAR AXIS UNDER SETIMUM TESTING CANCITIANS. 


owrrrrr ere rrrrerrervTeertrorecrcrorrecor error ler es Pe eee CeCe eee Tee ee 


ANGLLAR ACCELERATION ABGLT THE THREE MaJBR BEDY AXES. ACTA 
ATPLARYNG! 693231°238 1597Ce 


* ABSTRACT * 
THTE Ry-PeRT PRESENTS TWG EXPERIMENTS CONCERNED WITH MANIS 
SeXSt7IVITY TE ANGULAR aCCeLe RATION ABBLT HIS ThRee MAYOR BEDY 
ayeE, The FURFCOSE CF The STUBY wAS T8 De TERMINE THRESHOLDS FOR 
ACCEL RATIGNS ABALT THE x, Y, ANC Z AxESe THE THRESHOLDS OF g 
N@erar meh were FSTARBLISHED FAR THE THREE AXES USING A PRECI fen 
mereriGS GEMICE Th ae ACCELERATIONS weRe SRCERED USING A 
FatCaw, FB ct thotte, BLELEASTAIRCASe PROCECLRE, a WAS F@UND 
teat Mead THRESRALCS FOR The THREE AXES WeRE NOT SIGNIFICANTLY 
PEFR ERENT aNC qkay FOR GACH GF Tre THRee AXES ThE RANGE 6F JIN, 
PrVsFL GL THResk@LOS waS SlBSTANTIaL, INTERCERRELATISNS AMONG fHE 
THRee TRRESHALUS heRe NOT SIGNIFICANTLY DIFFERENT FROM ZERO, IT 
was E eACL Cel that, UNDER SPTIMLM TESTING CONCITIONS, THE Me AN 
TRRESHALTS FOR RATATION aBAUy The THRee MAYOR BOOY AXES ARE 
ESSENTIALLY Tee Sate, BLT THAT Tre THRESHBLO aGGLT ANY ONE BEDY 
AXTS CSeS NOy PRECICT Tre THRESHOLD ABALT THe GThER TWO, 


TV UR UPUEPUEEESEE OCS OE SSOSE ELE PSSA ERE ESE EAR oe 


CLARK, B, ANC STEWART, ©,C, COMPARISON GF THe SENSITIVITY TO 
FATATIAN GF FILATS AND NONPILOBTS, AERASPACE MEDICINE, VElLe 49 
(1) PRe 8912019720 
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* ABSTRACT *# 
THIRTY*@SIX AIRLINE FILOATS AND 56 NONPILATS WERE TESTED TO 
CeTeERMINEG THEIR SENSITIVITY TO ROzATION, A STAIRCASE ita a 
haS LSel TA CeTeRMINE BCULOGYRAL JLLUS]AN ANU PERCEPTION @ 
FetaTyen TRRESRALCE IN a PRECISION ROTaTION DeviCe, THe 
ReSll ys pNOrCartel TEAT (ga THERE bere NA SIGNIFICANT PAs a 
Fethegs Tre ThA GRELPS FOR el rheR T Re sh6@LD Me aSURE (2) T 
TReESRALDS FOR the ACLLEGyRal ILLUS]ON ngRe SIGNIFICANTLY LOwerR 
THAN yhe FeRCePr16h BF ROTATION THRESHAL S FAR BOTH GRAuPS, AKO 
(3) ChaNGeS IN peReSHOLC ~S ag FUNCTION BF aGe weRe MINIMaL FOR 
91 fF Tre MEN, The vALICITY AND ReSULTS GF The TESTS ARE 
PISCLSSEN WITH REGARD Te The PILeT'S USE BF MeTION INFARMATION 
IN CANTRAL TASKS FER AIRCRAFT ANC SIMULATORS. 


(Pee EPEC ERE LEE ERE C ECR EERE REPRE EPEC ERE EE ERR EERE EERE SD 


CLARK, Be ANC STEWARTs VoDe RELATIONSHIP BETWEEN MOTION SICKNESS 
EXPERIENCE ANC TESTS OF TRE PERCEPTION BF ROTATION IN PILOTS ANC 
NANFILAETSe 'AFRASPACE MEDICINE's VBLe 445'4', APRIL 19734393"396 


* ABSTRACT *# 
Thr PLRFASE BF THIS STUCY was TO CAMPARE Five SUBJECTIVE TESTS 
Re vESTIBLLAR FUNCTION wITH RePORrs OF MOTION SICKNESS 
exFeRTENCEs CATA AN MOTION SICKNESS EXPERIENCE AND VESTIBULAR 
TeST RESULTS WERE OBTAINED FRO™ 35 PILATS AND 51 NENPILOTS~ 
REPARTS GF MOTIAK SICKNESS EXPERIENCE weRE ALSO OBTAINED FROM 
122 MEN aND 149 wOMEN AT CALIFORNIA State UNIVERSITY, SAN JOSE, 
TRE RESLLTS REVEALEC THAT PILOTS REPORTED SIGNIFICANTLY LESS 
METTAN SICKNESS TRAN THe THREE GReUPS GF NONPILOTS. THREE 
MEASURES BF TrReESHOLOS FOR THE PERCEPTION SF ROTATION sone 
veRY LEW aND KORSIGNIFICANT CORRELATIONS WITH REPORTS BF MBTION 
SICKNESS, OF The THREE CLPULOMETRIC SLAPES BBTAINED ABBUT THe 
THRee Mag6R BBCY AXES, SNLY THAT FAR Tre Z AXIS ShOWED A 
STGRIF ICANT CORRELATION WITH MOTION SICKNESS, EXPONENTS FOR 
Tee POneR LAWS FAR The FERCEPTIABN AF RATATION SHOWED NONSIGNI. 
FriCaty CARRELATIANS wITr MATION SICKNESS. THE DATA SUGGEST 
TRAT TRReShHELC MEASURES HAy, NO VALUE IN PREDICTING AND UNDERS 
STARCTNG MOTION SICKNESS, 6N TRE OTHER HAND, TESTS THAT GIVE 
SO”e INDICATION SF CENTRAL NERVOUS SYSTEM PRECESSING OF 
VESTIBLLAR INFUTS FAVE THE GREATEST PROMISE BF REVEALING 
SIGNIFICANT FINCIAGS RELATED T? The CALSES 8F MOTION SICKNESS, 


POR PVEPECPTEEESECEECOCOSES ECC ECAC E LES EE PERE ERE ER ERR ARE EL ED 


CLARK, Co Co NAVY CENTRIFUGE SIPULATION OF Law ALT;TUDE FLYGHT 
SF Tre ApFs» FRAGRAM 4. tAVIATISN MEDICAL ACCELERATION LABARATB> 
Gyt, U.S, NAVAL AIR DEVELOPMENT CENTER, JOHNSVILLE» PENNSYLVANe 
TAs KACCeMA@LECCEs29 MARCR 196%° 


* ABSTRACT # 
AN gy S@VEMBER 1955, A CONFERENCE WAS FELD AT THE BUREAU OF 
AgFPRALTICS UNTER Tre CIRECTION AF CAPTAIN We Le yONESe ITS 
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EURFASr WAS TA REVIFW TRE RESULTS @F TRE AGF CENTRIFUGE FROGRA™M 
RECENTLY COMFLETEC 6N TRE NAVY RUMAN CEATRIFUGE AT JO@HNSVILLE, 
AKT TH FLAN TRE NEXT STEFS TH CETERMINE TRE NEED FOR A GUST 
ALLEVIATION SYSTEM FOR TRE Aer IN PRDER FAR ThE CREW TO 
CAVPLETE FRAF@SED LOn ALTITUCEs FIGH SPEED PENETRATIEN 
MISSTAKS,. IT wAS DESIRED, ITF PASSIBLE, TO DETERMINE BY 
CR™FLTERK AND FLUMAN MATION SIMULATOR STUCIES PRIOR TA FLIGHT 8F 
TRE AcF WRE THER AR ABT GLST ALLEVIATIBN IS NEEDEDe 


Tort Ce Pe PPP PRPC REP ERR SERRE SERS RRR R ASSP R RR ERS R RRS RSS EERE 


CLARK, CoCo ACCELERATION AND BADY DYISTARTIOBNe IN BENNETT» Eos 
TEGAN, we AND SFIEGALs we lEDS)* "HUMAN FACTORS IN TECHNOLOGY!, 
kUMAN FACTYSRS SOCIETYs MCGRAW@FILL: NEw YORKs 1963-6 


* ABSTRACT # 
THIS CKAPTER CESCRIPEC STLOIFS CO8NCUCTECD BN THE JOHNSVILLE NAVY 
CENTRYFLGE WHILE ThE AULTRBR WAS WITH ThE BIA@PRYSICS aND 
PPIaASTPRANALTICS DIVISION 6F THE AVIATIGN MEDICAL ACCELERATION 
LAPARATSRY, NAVAL ATR DEVELAPMENT CENTER, J8HNSVILLE, 
FENNSYLVANTAe 


aw CANSISTENT FRYSTOLOGICALeACCELERATION TERMINELOGY was 
suUMMART2¢£ ANC MephOOS BF aCCebERATION PROTECTION WERE 
PISCLSSEDe 


a oe CER PPR RE RR EP EERE SE RE RR EP TE REE REPRE RRR SEER RRR ERR RARER ERE ES | 


CLARK, C,C. 'RUMAN CANTROL PERFARMANCE AND TOLERANCE UNDER 
SeVeEeRe CAMPLEX haVEFSR™ VIBRATION WITH a PRELIMINARY HISTORICAL 
Review OF FLIgkT SIMULATION, : MARTINegALTIMARE ER 12838, FEaRUe 
ARY 15636 


* STRACT *# 
PRAPL, Ms OF reFMINSLAGY 6F ie gtekati6. AND FLyGRy SyMULay ist 
ae Reyteh-o Er dk w PRELIMINAR ISTORICAL Reylew OF PARTL UL 
ARLY Pains PaSe FLIGHT SIMULATIBN, The CaPASICITIES AND 
LOM TparlANs AF tee NAVY UBKNSVILLe HUMAN CENTRIFUGE AND The 
NAP rH ahr RICAN aVIATION (CALUMEUS) GeSeaT FOR JOSTLE 
@rMULaTIAN ARe PReSeNTECy THe LATTFR IS MORE REALISTIC, 


FA® s8trlhe aCCelLFRATIAN POweR SPECTRA PEAKING NEAR 1 CPS, 
LrMyrec FLIGHe CANTRAL CALLD BE MAINTAINED AT A vVOSTLE LEVEL OF 
nee EZ RMS, EGLIVALENT 18 AIRCRAFT RESPONSE TH VERY SEVERE 
TUPPLLE NCE, WITR Pavel ACCeLERIMETER READINGS BETWEEN 102 AND 
wed GZ MAINTAINED FAR 3¢ MINUTES. A JASTLE OF 09076 GZ RMS, 
wETek Fateh aCCelLeRA@Me TER REAUINGS BETWEENe3Z ANC 565 GZ COULD Be 
Telekare® FAR ay LeaST icc SeCHNCS 2 ALTHOUGH WITH SevEeRE BLT 
Fy Rap CSMPLe Te CANTPaL Lesse FAR ThESE vOsTLe C6NDI TIONS, 
ThL_eRarCe WAS FariGl_e LiMiIyeD, Cle 76 MUSCULAR ;FFORTS TO STAY 
IX tee CACKPIT, The TARSO BeStRAING Is eed age FOR JESTLE 
CAC rPrANS CONS{DERABLY MOR SEVERE THAN THOSE EXPERIENCED IN 
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FRESEAT AIRCRAFT. 


FATENTIAL CEVELSFMENTS BF RESTRAINTS» CYSPLAYS, AND CONTROLS 
FAR USE IN SEVERE VESTLE ENVIRONMENTS ARE NOTED. A RELATIVE 
cPSTLE BIOLOGICAL EFFECTIVENESS CANCEPT IS SUGGESTED FOR TEST 
AS A MEANS OF CAMFARING Tre BIFLOGICAL EFFECTS BF JASTLE 
EXVIRAKMENTS hI TR DIFFERENT FREGUENCY COMPONENTS « 


wWREPWEPURESEECESCCESS ESCOLA SEP ee E RE EERSTE ERE SERS ETA ES 


CLARK, Ce Ces ANC CROSRI Es Re 

CENTRIFLGE SIMLLATION AF FLIGHT ACCELERATIONS: BPEN LOOP 
CAMEL TER CANTRAL ANC CLASED LasP SUBJECTeCUMPUTER CuNTRBL OF 
TEE HUMAN CENTRIFUGE e 

NATC LETTER REPART TED ACC AEoi4ig (NM 11 02 1206), 

eSe NAVAL ATR CEVELAPMENT CENTER', JAHNSVILLEs FAy 

SFET 174 19576 


* ABSTRACT * 
TRIS REPORT EXPLAINS A NEW TECHNIGUE OF FLIGHT SIMULATION 
UNSER aCCebeRaTIAX WHICr Kas BEEN DevelLePeD ay aMal BY 
LYILYZING THE BKLUMAN CENTRIFUGE IN HOGK.UP WIth THE LARGE 
LaPARaATORY,. witk THIS INCReaSeED CAPABILITY, Tee SUBUECT 
UNPeRGSING ACCELERATION CAN SeRve MAT BNLY AS A PASSENGER 
MUR TAG a SIMULATES FLIGRT, BUT AS THE PILBT BF A SIMULATED 
FLIGHy THROUGh a SPeCIF IEC FLIGHT MANEUVER, The FILOTAIRCRAF T 
INTERACTIONS Cat EE EVALUATES UNDER G FOR THe FIRST TIME BN A 
CeXtTRIFUGE, THLE PRAVICING q MORE RealLISTIC ASSESSMENT GF The 
ey}LAT PERFORMANCE AND PhYSIG@LOGICAL CHANGES DURING FLIGHT, 
Tee CLASEC.LOAP SySTeM nORKS IN THIS MANNER; The CONTROL STICK, 
URC. FECAL, AND THROTTLE SETTINGS MACE BY The SUBYECT IN THe 
GS\CALA AF The CENTRIFUGE ARE TRANSMITTED AS glLeCTRICAL SIGNALS 
®yeER Tele PHONG LINES CONNECTING THe CENTRIFUGE WITH THe 
CAMELTER, Tee CENTRIFUGE CONTROL SIGNALS ARE RETURNED TO AMAL 
TERGLGE The Spe Cral Telephone LINES TO ORIve The CENTRIFUGE AND 
GI“EALS AND PROVIDE ThE ACCELERATIONS THAT WELLE hAve BEEN 
ER®yICeC BY SIMILAR CONTROL SETTING CHANGES IN The PARTICULAR 
AITSCRAFT REPRESENTED BY TkE ANALOG CIRCUIT. 


PWR POP OTTERESERECECESCLCOSAES ESSEC ETE ERE EEE TEPER REESE SEE SE 


CuakK C.Ce aNC wS8OCLyNG, CoH, STLOTES OF PYLBT CONTREBL DURING 
LaLKCRING AND R ENTRY BF SPaCe veEHICLES UTILIZING ThE HUMAN 
CENTRIFLGEe tINSTITUTE BF AERONAUTICAL SCIENCES REPORT! 598396 
EGE SeNTEL AT Tre LAS 2e7TF ANNUAL MEETING» NewYORK, NeYes JAN 
zé°ESs 198S° 


* ABSTRACT * 
Tee FLRESSe BE THIS FaPER IS 7 O¢SCRIBE THE HUMAN CENTRIFUGE 
AT Tee NAVAL AIR CevyelLOFreNT CENTER, JBRNSVILLE, PA, AND T6 
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RESCLSS TTS LSE IN PILOTeCANTROLLED FLIGHT SIMULATI@N ANC 
STRER WARK PERTINENT TO SPACE STUDIESe 


fPeSRE RP RPP CEOS ECS SC RES ER SEER SE CERES ESAS SESS ER ESSER RPE R SLEEP Eee eS 


CLARK, CeCe ANC WOADLING Cote CENTRIFUGE SIMULATION OF THE x45 
RESEARCK AIRCRAFT, tUeSe NAVAL AIR DEVELOPMENT CENTER', JOHNS 
VILLE, FENNSYLVANIA, REPORT NOB_5 Sy 10 DECEMBER 1959533 PPe 

AQ €33 34C 


* ABSTRACT * 
TRESE x015 CENTRIFUGE PROGRAMS KAVE DEMANSTRATED THE 
FATERTIALITIES GF TRE CENTRIFUGE SIMULATOR, PARTICULARLY UNDER 
CANCTTIANS BF CLASED LABF P]LOT=CAMPUTER CANTREL OR CENTRIFUGE 
RYSAMTC CBKTREL FLIGHT SIMULATIAK, FER THE STUDY GF PILOT 
TOLERANCE, RESTRAINT, INSTRUMENTS, CONTROLS, VEHICLE CONTRELLA} 
PILITY, CONTROL TECRNIGLES, AND TRAININGe ALTFSUGH THE 
CEXTRIFLGE FAS BNLY THREE DEGREES AF FreeDeM eF CAaNTReL aND 
REXCE Can ONLY PARTIALLY SIMULATE THE THREE LINEAR aND THREE 
ANGLE aR aCCeLeRaryBhS SN UNCBNSTRaINED FLIGHT, IT HAS BEEN 
FASSTBke TO SrMLLate THe PRINCIPAL FORCES BPERATING BN A PILOT 
ANC RENCE TO tFLY av AIRCRAFT B8e€FeRE IT IS BUILT'. THIS NEW 
TECER GLE BF CentRIFUGE FLIGkr SIMULATIAN UNDER PyLer CONTReL 
SFALLE NAW YAN Tre PReyj@ls TECKNIGUES BF MarheMaT Cal DESIGN, 
WEN TUNNEL TESTING, STATIC C@NTROL SIMULATION, AND FLIGHY IN 
yh a ee Mp CANTRTeLTING TA ThE aN aye 6F THE DESIGN 
AF ALL Aceh aN ARTICULARLY HIGr PeRFARMANCE aIRCRAFT AND SPaCe 
VeFICkLeS, TRIS TECHNIGLE REGUIRES A LARGE COMPLTER, BUT IT IS 
NATED TRAT The CENTRIFUGE HAS ALREADY BeEN OPERATED IN A 
PRELIMINARY WAY TRRAUGH TELEPHONE LINE LINKAGE T@ A COMPLTER IN 
LANGLEY, VIRGINIA, 25C MILES AWAY, IT IS VISUALIZED THAT 
CeXFRTFUGE DYNaMIC G8X7ROL SIMULATION weULD FOLLOW yHE ATRPLANE 
PANLFACTURERIS CeveLOPMeENTAL WARK UTILIZING STATIC SIMULATION 
Fe CanFIRY Tee aDEGLACY 6F yHe CeSTGN. BY The USE BF TELEPHONE 
kYN€S OR MICROWAVE LINKAGE, THE MANUFACTURER'S COMPUTER, 
ALReacY UtIbtzeC FAR THe StatI© SIMULATION WERK, MIGHT Be 
L#Tkfzee IN The CeNrRIFLGE CaNTREL LeeP, 


TORR RRAEUE EISELE SEL SS. Be ee oe ee ee ed ok ke hah ed bd hl 


FLARKE, NoFe, TALB, Hy» SCHERER, HeF oy TEMPLE, WeEos VYKUKAL, 

Poke An MATTER, M, PRELIMINARY STUDY GF DIAL READING PERFORs 

PANCe DLUPING SUSTAINED ACCELERATION AND VIBRATION, tAEROSPACE 

Pe YTCak FESEARCK LABBRATORIES FREPBRT! AMRLeTRei10, WRIGHT ePATs 
TESSIN AFBe BFs AUGe 19656 


_ * ABSTRACT # 

BAAS PNCUCEC SpaCeCF art TBRATIANS ACCUR IN COMBINATION wl Th 
eASSF_ER FNCUCED SLSTAINE aCCeLeRATION, THIS wAS A JOINT NASA 
AF FUCY 79 FRAyICe A PRELIMINARY CURSABRY EVALLATION OF THE 
EFFECTS AF THIS ENVIRONMENT ON CREWMEN, SIX SUBUECTS WERE USED 
1X @€¢ TESTS TA MeaSuRe ThE DECREMeENT Ih DIAL READING ABILITY AS 
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A FUNCTYAN OF Tee Level BF 41 CPS GX VyBRaTION ANC THE SIZE 6F 
TRE OIAL, WHERE A BIAS ACCELERATION BF 3,95 Gx WAS SUPERIMPOSED 
PN The yIBRATISN, Crab READING ERRARS weRe etre ELATED 
T8 The ARC LeENGTR OF THe INTERVAL BeTWeeN DIALS AND DIRECTLY 
Relate? 768 Tee AMPLITUDE OF VIBRATION, THERE WAS APPROXIMATELY 
By% DISTORTIAN SF The 14 CPS VIBRATION ACCELERATION, WHICH 
MASKECLY INFLUENCES THE Pau ae A BF ReSULTS AND THEIR 
CS”FarRISAh 76 Fe ASUREMENTS F vISUAL OeCReMENTS FROM 44 CPS 
vEBRayIANS with 4GX BIAS LAADS, IN MOS7 GENERAL TERMS, HOWEVER, 
TEE 9.285GX BIAS, AND/OR Tee UNPIPRECTIONAL FORCE (lee es ThE 
ReSllrahe ACCELERATION WAS ALWAYS GREATER THAN g G) CREATES A 
SLACECTIVELY MARE TALERABLE ENVIRANMENT THAN WITH A 1 G BIAS, 
VIPRaATIANS SF 3.a5 Gx + BR ~ 30¢ Gx WERE WITHOUT SERIGUS 
CL2ccCTIVE EFFECTS IN FXPESURES BF go SECONDS DURATION, GROSS 
CAME RRISANS AF Cral ere PERFORMANCE UNDER THE TWO 
CANCy7IBNS PRAVICE SBME JTNOICATION That ie ee R BIAS 
aCCeLeXayIIN TS aSSACrarEeC with Less yvysual OeCReMeNT, 


TERR P PRE E RRR S ERP SESS ERE ESE S ESS ASE SEPT EPEC EE TESS SECS SET PPT ES 


CLARKE» Ne Po? WALFFs We Me, GOKELMANy Ue dey VAN GIERKE, H, Ee 
or*LLatyen BF a ROSP ACE eeiauT ACCELERATION ANC DYNaMIC 

FRESSLR EMVIRARWENTS 6R BySDYNamIcs ig th ee 

da tan sane ZASC sl PeRT FAR MANNED FLIGkT ONFeRENCE!, 

AT4&A PAPER 65°279s CayTOhs BH» APRIL 24°23 1965° 


* ABSTRACT * E 
tre aA ES phil aCCebLeRatIon Env! O8NMeENTS GENeha 16° BY FLIGkr 
ts ackisPaCe veryCles A aha FRAM PRELBENGED PERO 8F WeyGHy, 
Leseh.ss 7A xtRereLy BRI H1Gh MAGNI7UD_ IMPACT eee 
SeSLL_ING FRAY GROUND LaNCING, CBOMPLex LINEAR aND ANGULAR 
vITRATIANS ARe FROCLCED cITHER SINGLY GR IN C@MBINATIAN AND May 
Or SLPER_IMPBEEC 6K SOSTA IND ACCELERATIONS SUCH AS THOSE 
FeScucec CY PA8STER ROCKETS, InFRASONIC NOISE OF HIGH LEVEL 
AND pr&paRNe pABSTER INCUCED yIgRatI@Ns ARE ALSO PART BF THe 
ENVIRONMENTAL PROBLEMS FRODUCEC By LARGe veEHICLES, IN THE PAST, 
LaP8RaTOBRY SIMULATSRS Have, BECALSE BF TECHNICAL LIMITATIONS, 
LSLALLY AgeN RESTRICTED TBH REPROOUCE ISBLATED SEGMENTS BF THE 
AeECRATIGNAL ENVIRONMENT, THe Next GENPFRATIGN BF SIMULATORS 
wll PROV Tks Ce ABILITY T9 CREATE THE BIGH MAGNITUDE COMPLEX 


aACCeLeRaTI @F OPERATIONAL Phe laters a FOR esac AB a GF 
vee BTaheChaNICs, PRYSI@LGa;C AND PERFARMANCeE CHANGES RESULTING 
FRAw -yFASLRe GF RUMANS AND ANIMALS T@ THOSE ENVIRONMENTS, IN 


teIs EapaRar RY, THe SIxeMGDE (SIX DEGREE BF FREEDGM MOTION 
CeviCe), Tee CyNAMIC PRESSURE CkAMBER (AN INFRASONIC NOISE 
CeAMacR) AND The CYNAMIC ESCAPE SIMULATOR, (A SOPHISTICATED 
CeNTSTFLGE), APE UNCER CONSTRUCTION, THE SPECIFIC UESIGN 

CFKAR ACTERISTICS AND PERFORMANCE RANGE GF THESE DEVICES WILL BE 
COME ARCS TS Tre FAVIRONMENTS PRADUCED Ky SPERATISNAL CONDITIONS 
AKT 78 EXISTING LARGRATARY SIMULATIAN FACILITIES+ (AUTHORS) 


POWER UP PVEPPEEESEOOCCIESSS OCS ESTE SA SEEPS EE SD 
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CLALSINGs LeAe 'SIMULATBR REQUIREMENTS DEDUCED FROM CBEMPARIJSANS ‘ 
AF FILSTS PERFORMANCE IN GRAUND SJMULATBRS AND IN AIRCRAFT', ‘ 
PAPER NBe 649554 INTERNATIGNAL CAUACIL OF TRE AERBNAUTICAL 

SCIENCES, PARIS FRAKCE AUGUST 24028919646 


* ABSTRACT # 
LITERATLRE REVIEW. THE IMP@RTANT FaCTARS IN GRAUND SIMULATION 
ARE $ 


fe VpSlalL CLES AND TASK CRITERIA IN JET TRANSPORT LANDINGS, 


Ze MATISN CLES, VISUAL CLES, COCKPIT SBPHISTICATIGN, ANC EXACT 
ERMUNGC EFFECT PARAMETERS IN TAKE*6FF CERTIFICATION STUDIESs AND 


te = GAPRTSTICATEC MOTIBN SIMULATIABN ANC CANTROL CHARACTERISTICS 
PLPLIGATION IN ST8L LANCING APPROACH STLOIES. 


(Tarr re eC Pe Pee eee PCE RE RE RESET SE RESET ERE RSPR PPP SS 


Caken, be 'IS MATION NEEDED IN FLIGHT S1MULATA@RS FOR TRAINING 1 
MUMAN FACTARS, 1970212757796 


* ABSTRACT # 
aL TRALGr FLIGRT TRAINING CURRICULAR DeMa~ND THaT PILeTsS LEARN 7a 
PESRFEGARM BACILY SENSATIONS O8F MOTIAN, AIRCRAFT MOTION CaN Be 
AN TMBIRTAST SSURCE OF INFARMATION 78 PILOTS, AND SOMETIMES A 
MeGRaCerR OF FILAT PERFORMANCE, CONSIDERABLE evIDENCE IS 
AOCKCEC TREAT MB7ION IN FLIGHT SIMULATORS PRODUCES SIGNIFICANT 
FRATNING @ENEFITS, BUT THERE IS A SCARCITY 8F CATA BN THe 
CateegleNCes OF CyFFERENT DeGRees AR MeTHADS BF METIEN 
SEMULLATIAN, TAH FRADUCE Tee SeNSATIAN BF MILES OF AIRCRAFT r 
MAEDAN WtTh A Few Feey 6F SyMULATAR MOTION, ReGUIRES CANS 1DERag 
rEAh AF VARIOUS ASPECTS BF HUMAN SENSITIVITY 7S MOTION, SOME 
BF tke CAMFLICATIANS IN 6BTAINING MBTIGN THRESFOLD Data ARE 
MpSCugsenr, aN yh pLLUSTRayyONS BF THe Url izaTION GF pHESE 
Pata ps fPTIMPZ—NG MATION SyMULATIAN ARe GIVEN, 


PT RPE TE OPE BLE ECEEURCEESECESC SCC OS ECE SEL EEE SERRE RRS oD 


Cakes, &, tRak MUCH MATION 1S REALLY NeebDED TN FLIGHT SIMULA. 
wets » LENK CyVISIGN, Tee SINGER CA, PAPER PRESENTED AT THE 
Fel Are PNTERNATIONAL SIMULATION AND TRAINING CONFERENCE, SAE, 
ATLANTA GAs MAY 139197160 


* ABSTRACT * 
ALTRALGR THe Neel FaR Matron BN FLIGHT SIMULATORS UseD FOR 
TRAIN NE IS heck aCCePt¢eD, geeRe 1S A WIC DIVER RENCE OF 
gPINTEN AN Tre KINO aND aMOuNT BF MBTIAN REQUI 69, THIS PAPER 
ReWViews tke ReGlIReMeNTS FAR MOTIAN IN EACH BF THE SIX re GREES 
FRE COM ANC SLGGESTS The EXTENT BF MATION OgSIRABLE IN EACH, 


AS WELL AS WAYS 76 EXPLOIT GIVEN MBTION SYSTEM GEBMETRY, 
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TEE ALTHAR CANCLUDFS THaT “@TIEN IN AT LEAST Five (ALL BUT 
Yas AR LATERAL) OF THE SIX DEGREES OF FREEDGBM IS REGUIRED Te 
FRAaviCe FeeMPaCk FULLY 76 THe PILet ON HIS CONTROL aCTIBNS, 
FrTCk a~ND ALL RAP AE TET TY SyMrbaR 7@ TeaT BF a TRANSPORT 
ATFCRaAFy IS CeStRatles CISPLACEMENTS IN THe THREE LINEAR DeGReES 
RAF FReeCew Negl Te BE AN THE ARDER OF + BR = 2604 FT. IN BRODER 
T FERxSvire A CAPABILITY F8R Tw! SUCCESSIVE ONSET CUES. 


‘TLrrrerrrrreerrrrerrerrrereSEEEPTECSEEeeSe Eee eee Se PES R SES SEES EEA EE 


CAKEN, Eas ANC SIMON, GoBo "Ihe SIMULATION OF MOTIABN FOR TRAINe 
ING ¢XD FBR RESEARCKI, ARMED FARCES » NRC COMMITTEE BN BIBASTROe 


NALTICSs, 67112156€1sNASA 

i 

* ABSTRACT *# 
ae ARE CANCERNEC WITH Five DIFFERENT KINOS BF MBTION OR 
ACCELESATIBN! MLLTIGRAVITY, SUBGRAVITY, TUMBLING, BUFFETING 
AKT vTARATISN, aNfl TRANSIENTS ARE RelLevaNT IN The SIMULATION OF 
CRNVEATIANAL AIRCRAFT, IN A FAIRLY RECENT Review, MUCKLER, 
NYGaaRD, @IKELLY a~NC WILLJAMS CANCLUDE THaT I7 IS APPARENT THaT 
The CURRENT TREAD IN CeSIGN IS TOWARD FIXED SIMULATORS. 


The FReeeNCe BF MAaTAN yh A SyMLLATAR CAN SeERvE AS SIGNAL BR 
NelSe, Tre SIGNAL ENABLES The PILOT TA FLY By THE SEAT SF HIS 
FANTS, Tre NOISE RELATES 76 THE EFFECT THAT MOTION HAS ON THe 
ReaCtnGg OF OISPLaysS, THe MaN{PULATIAN BF CBNTRELS aND OTKER 
ASPECTS 3F ThE FILETS J8Be 


TRE’ TALK aged ARBUT SIMULATION GF MOTION FOR RESEARCH RaTHeR 
tKAN FBR TRAIRING, THe ReaSAN IS THAT SIMULATION FER TRAINING 
IS RatkeR UNI veRSALLY ACCEPTED cee SIMULATION FOR i Ten Is 
NAT, EVEN TRALGE TheRE IS A TREMENOBUS AMBUNT SF RESEARCH Reo 
GLIReED TP MAKe MAN LUSEFLL IN SPACE AND MUCH 6F THIS RESEARCH CAN 
Re ST pe CONDLCTECD ON SIMULATERS. 


PUMPER TPEEEETECCECCECC CESSES CCRC RPC PEERS ERR EE SAREE RARER ED 


CAKEN, MyMeos CROSBIEs RICH anD BLACKBURN» Lol, DISBRIENTATING 
EFFECTS SF AIRCRAFT CATAPULT LAUNCHINGS, "AEROSPACE MEDICINE?, 
Vole 44, "1's CANe 1973237°39° 


* ABSTRACT #* 
THe NavAL AIR CeveLOPMENT CeNTER'S HUMAN CENTRIFUGE WAS USED TA 
CeNERATE ACCELERATION PROFILES APPRAXIMATING TRASE ENCSUNTERED 
TR AIRCRAFT CaTAPLELT LALACHINGS., TWELVE SLBVECTS ATTEMPTED TA 
Keck p CANTINLALSLY MOVING TARGET AT SUBVECTIVE EYE LEVEL 
AEF ARE, DLRING, AND AFTER EXPOSURE TH TkE ACCELERATIONS. G8UR 
AeSLL TS SkOWEC TKAT SUBLECT FYE Level waS CHANGED BY EXPOSURE 
TH Tee aACCeELERATIGNS, ANC THAT, IN SOME INDIVIDUALS, THE CHANGE 
EeSsistel FOR wARe THAN y MINUTE AFTER tHe SIMULATED LAUNCH 
SeGledCe WAS CSMFLE TEC, The RESULTS ARE DISCUSSED IN TERMS OF 
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FEFeCTS @F RABTATED ACCFLERATIOAN VECTERS ON HUMAN SPATIAL 
BRIENTATIONs, ANC Tre CATA ARE KELATEO TAH CERTAIN TYPES OF AI Re 
CRAFT CLASSES TKAT FAVE BEEN REPARTFO FELLAWING CATAPULT 
LALACEINGS AT NIGHT. 


HE ag EH HEHEHE HHH HHH HEHEHE HHT 


CALLACSTTs Re (ECDITAR) "SIMULATORS INTERNATIANAL GUIDE', G8wER 
REFERENCE FURLICATIABNS: REDWABD PRESS LTDe» TROWBRICGE, 
wTLTSKIRE» ENGLAKCe 19736 


* ABSTRACT * 
FRACLCING THIS BABAK HAS OCCUPIED SFVERAL YEARS RESEARCH WITh 
TRARSLATION FROM AND INTG A NUMBER AF DIFFERENT LANGUAGESe THE 
BRIGIAAL CINCEPT AROSE FROM a TRAINING FEASIBILITY STUDY AND THE 
NEEE FSR TRAINING SIMULLATSRS, INVALVING A STUDY SF THIS ASPECT 
AF the SLBYECT ANC TRE EVALUATION AF _OYFFERENT FORMS OF SIMULA} 
TAR, aFTeR AN ACACEMIC SUBMISSION HAD BEEN PREPARED IT WAS RECS 
PMMeEROcD THAT The SCUPE OF THe STUDY SKBULD Be EXTENDED AND THIS 
kaS Lgl 78 The FRESENT FORM SF TIS BOBKe 


TNFARMaTION WAS ReCelyel FReM CSRRESPAACENTS IN VARIOUS CBUN. 
TRIES SCCASISNALLY IN A FORM SLGGESTED IN A GUESTIONNAIRE, MORE 
SFTEN AY WAY BF VOLLMINGUS REPORTS WITr AN plea ien 76 a 
Relevary MATERIAL T8 PREPARE ENTRIFS FOR THIS BOOK, THE PLA 
WETCR aS BEEN FALLOweD TN MAKING THeSe ENTRIES HaS BEEN 718 
SLPFLY, FAR EACh KUMPERED ENTRY? 

Kame AR TITLE: (THAT BY WHICH THe SIMULATBR 1S COMMBNLY KNOWN 
PY 1TS ORIGINATORS) 

PRUCCTIVES (WRAT IS KEPED THY ACHIEVE FROM THe SIMULATER) 

FeatTlReS: (A CeSCRIPTION BF The SIMULATOR . TA SOME EXTENT A 
CeSCRIPTIve SPECIFICATION) 

FeCylyrleS: (whAT ThE SIMULATBR HAS BeEN USEC TO DB) 

FaPaBILITIES: (8TRER FACILITIES AF weICH TRKe SIMULATOR [S 
CAFABLE BUT WRICH Fave NOT NECESSARILY BeeN ATTEMPTED) 

LeCaryens prbeRe tHe SIMULATOR IS SIplaTED) 

FURyReER INFORMaTION; (Tre Nave, aDOResS, TELEPHONE NUMBER, 
telex aACCRess AF Tree SRGANIZATIEON POSSESSING THE SIMUL ATER 
ast Tee NaMe(S) OF The PERSON(S) DTRECTLY CONCERNED WITH 
IT )« 


gACk pXNTRY RAS Pee ALLOCATED TO BNE SF THE FOLLOWING THREE 


CATEGBRIFS: 
(1) KESEARCr §& CEVELAFMENT 
(2) TRAINING (IACLUCTAG EDUCATIBA AND TEACHING) 
(4) TESTING 


PO EaP EMEP T ROBBER RE RE ESC ESR RPRER RP EC RSE EP AER E RS RRP ARSE RRR RERR ESE SE 


CAKNELLY, Me ¥. SIMULATION OF AIRCRAFT. 
Se hyAhe ChaANISKS LapBRaTORY BF The DepARTMENT BF ELECTRICAL 


FRGINEERINGs MITs 7551-R ets FEBRLARY 19586 
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* ABSTRACT * 
THIS REFART IS AN BUTGRAWTH OF A BNE©YEAR STUDY 8F THE 
FGLATIANS BF MOTION AND Tre CBYFUTING TECHNIGUES USED IN THE 
AFRACYNAMIC CBMFUTER SECTION BF BPERATISNAL FLIGHT TRAINERS,» 
S\F SF TRE ORCECTIVES 98F The STLDY WAS TA STANDARD] Ze AND 
SIMELIFY, INSOFAR aS POSSIBLE, TRE MATREMATICaL MODEL USED 76 
RePReS:Nt AN AIRCRAFT IN FLIGHT, IN TRIS CONNCCTIBN, AN 
EXTENST VE ANALYSIS 86F AxIS SYSTEMS, BASIC DYNAMICS, AND AERB. 
RYNaMIC COEFFICIENTS WAS CARRIEC eur. DIGITAL AND aNAL6G 
Srl atras Srl ies weRE EMPLOYEC 7O@ Oe tERMINe ALLOWABLE 
STYFLYFICATIONS TN THE paverias @F M6rI8N, The RESULTS OF 
THIS WSIRK ARE SLYPARIZEL IN THE FOLLOWING REPGRT. 


AL TRALGE re grPeaAS1s Is ON FLIGk SIMULATORS Lsel FeR 
TRAINING FURFEScS, The MATERIAL P sented IS GeNeRALLy 
APPLICABLE TAH Tee EhTIRE FieLD OF FLIGHT SIMULATION, 


TOoEPRORPECPTESSS SEO SE ESOS EPS ESPERO ERE ETE EET ES EET EE 


CANRAD, Re 

9EZRATIONAL CeveLePMENT 6F MOTION WaSHOLUT TECHNIQUES. 
ANALYTICAL MECFANICS ASSOCIATES, MBUNTAIN VIEW, CA. 
FaR aMeS RESFAKCK CENTER, M@FFETT FIELD, CAs 

REEART NA@e NASA CR#137519 


» ABSTRACT * 

CLoING THE TRREE YEAR PERI8D FRAM 968-1974 ANALYTICAL 
MECRANICS ASSOCIATES, INCe, WITH TRE SUPPORT aNOD ASSISTANCE 6F 
NASA AMES Reser ree CeNTeR, oF Faecbe AKO eee eal PROCEDURES 
FAR Qe ESIGN G MULyyO¢GReE 8 DAM waSH@UT LEGIC FER 
cIMLLaT RS SUCF as THE A41*AxES “ERD FSaA SIMULATION SYSTeEMS, 
hs Re PART SUMMART2¢S a WORK PeRFORMED UNDER AN cFFORT 

cys. eCt¢el TIWARC Tee EvooTe TMPL MeN AT IAN QF Pig PRe yvIGUSLY 

Ce VELBEEC IDeas INT8 OP pRATIONAL. bs, BN AMeS+ STMULATORS, 

the TRRUST OF TRIS ¢FFORT FeLL INTO THRee AREAS INCLUDING 


4. Tre IMPLEMENTATION BF GeNeRAL PURPASE WASHOUT LOGIC THAT 
CaN SIMULATE The RESPONSES OF SEVERAL PREVIGUSLY DevEeLOPED 
TYPES wITHAUT USING SEVERAL DIFFERENT SOFTWARE PACKAGES, 
PEVELAFED FOR EXPERIMENTAL PURPOSES. 


se SSLLTION OF SPECIFIC PROBLEMS THAT MIGHT ar FROM TIME 76 
N 


FiMe IN The BFERATION AND MODIFICATION OF OPERATIONAL WASHOUT 


LETIC, ANC 


a, Tre PRODUCTION BF A wASHAUT MANUAL DESCRIBING The DIGITAL 
wACKELT TN USE AN TRE SIMULATBRS, 


IN aCCryzrON, a CSINT NASAsSAMA PAPER WAS PRESENTED At THE AIAA 
VISLAL AKC MArT6N SIMULATION CANFERENCE, 


Sel TPN ry DISCUSSES THE GENERAL PURPASE WASHOUT CIRCUIT, 
SeCrTen TILT PReSeNTS ANALYSIS Related 76 BPERATIONAL PROBLEMS 
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TREAT FAVE REEN INVESTIGATED 8Y AMAe SECTIGN IV IS A BRIEF 
RISCUSSIPN OF TEE KASHOLT MANUALe® THE MANUAL ITSELF HAS BEEN 
SEPARATELY BALKC AND IS A SELFeSTANDING DOCUMENT WHICH IS 
SUITABLE FAR CISTRIPLTI6N TA USERS AF TRE AMES SYSTEMe 

* APPENDIX *# 
ANALYTICAL MECRFANICS ASSOCIATES MEUNTAIN VIEWws CAc 
STMLLATER “ASFALT MANUAL. FOR TRE AMES ALL AXIS AND FSAA MOTION 
SYSTEMS. FEFOART A\Ge 732534 NECEMBER 19736 

ne 

TRIE MANLAL TS CESIGNED 78 ACGLAINT USERS BF TrE AMES FSAA ANO 
ALI. @AXIS SIMLLATARS WITh SAME GF TRE TREBRY ANC MECFANICS OF 
THE MBTIHN DRIVE SYSTEMSe BATK CACKPITS ARE MOUNTED IN THREE 
CYMPaLLS WRICK ARE, IN TURN, MSLATED BN A PLATFORM CAPABLE @F 
TRARGLATING IN THREE SRTRAGeNAL DIPFCTIANS. 


TROT SACLMENT 1S CANCFRNEC WITH: 
de TKE MOTION DRIVE TRAINS (CAPARTLITIES ANC LIMITATIONS} 
ae FILAT SENSED MOBTISN CLES 
ge) «6oTKE MATION WASFOUT LAGIC WHICk COMMANCS CaB METION 

Patel an a CAMPRAMISE Be TWeeN SIMULATED AIRCRAFT MOTION AND Cap 

CAPARTILITIESe 
SLCTIAN JI FRESENTS A GUAL TTATIVG OESCRIPTIEN 6F The 

RelLaryoNSFIP BetherN THESE AREAS AND BrkER ASPECTS BF A FULLS 

PLAWN SIMLLATIEGNRe ; 

ScCTIBN JIT PRAVIDES GUANTITATIVE INFORMATION ON THE 
kar En aie USEC 18 Ave Tre SIMULATOR Caas, 
seCrIAN yy OysCusSes M@TyON YN TERMS SF yhESE CUES WHICH «# 

FrL@y Cat POTENTIALLY SENSE AND THOSE WHICH A SIMULATOR CaB 

MTChT FRAVIDE. 

SECTIAN y CeLING ATES THe PRINCIPLES BEHIND The DIGITAL 

COVELL yaTIONS tray CONSTITUTE ThE WASHOLT LOGIC. 


PES RT OSE BERE ECE OCESR ER SSE SESE RSE TSS SSE PPA PPT Pe ef 


CANRAC, Pes COLYILLIFRs weGe AYE SCHMID, Sof, WaShOUT CIRCUry 
PeStgn FoR MULTI “CE GREFS «HF FREECOM MByING BASE SIMULATORS, 
ATA4A yISLAL ANC MOTION SIMULATION CONFERENCE, PALO, ALTO, CAL So 
FOEORTA/SEPTEMBER 4¢@122 1973» AIAA PAPER N5e 73"9296 


* ABSTRACT * 
PrlAre™, MAVINGSPaSe SIMLLATORS GENERALLY CONTAIN ACTUATERS AND 
PRIve LINKAGES with SeVeRE PASITIAN, VELACITY, AND/OR 
ACCeLexATION LIMITS, TreSe LIMITS PREVENT THE MOTION ORI VE 
TRAINS FRO™ ExaCTLY REPROCUCING THe VERY GENERAL MOTIEN 
KrS7?RiesS THAT “AY Be SOLVED FUR ~N INSaAITRCRAFT COMPUTER 
Cy’*ULaTIAN. yhIS FAPER PRESENTS A MATREMATICAL FRAMEWBRK FER 
Ref rGNInG LAGIC TO ACCEFT MOTISNeDEPENDENT PARAMETERS FROM & 
STYLLATIAN, ATTENLATING TREM (HASHING THEM BUT) AND GENERATING 
aPFesPerateLY Limite CRIive SIGNALS, THIS FRaveEWORK IS 
SUFFICTEtTLY Ged RAL TA ENCOMPASS SI xXeleGREESAGF FREEDOM 
SIMUL arSRS witk LaRGe MOTIAN CAPABILITY, EMPHASIS IS PLACED 6N > 
PReSepRyING CeRTAIN MOTION CUc RELATIONS (SUCH AS THOSE THAT ~4 
ALLE Me BPSERVED TN CBBROINATEC FLIGHT). STRATEGIES FOR 
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erMLLaTING SICe FORCES VIA TILTS ARF SRBWN, FINALLY, SeveRal 
SPECIFIC CIRCLITS aRe ShOWN, THeSe CIRCUITS HAVE pase" TO Be 
GeACTLY ACAPTABLE T@ A VARIETY SF MOVING-BASE SIMULATORS 


TwRERVOECPTCEOOSCCOCOC OCLC E SC OSES EPC TREES ERR SERRE SRS ESR EERE RR EEE EE EES 


CaNRaC, Se ANC SCKMIDT, Sef, 1A STUDY OF TECHNIQUES FOR CALCUL ye 
TING MUTYFON CRyve SyGNaLs FAR FlLyGky SyMULaTORSt. CR444345, 
ctULY 149742 NASAe 


* ABSTRACT * 
SPUECTIVES 


te DEVELOP AN EXPERIMENTAL TEST PLAN USING ThE FORMATION® 
FLYING TASK FAR ThE VALJDATJON AND REFINEMENT OF THE WASHOUT 
CyFCUrrts CesChyerO YN REFERENCE 1, THe DETAILS OF THIS PLAN 
ARF GIVEN IN SECTIBN 2e 


Pe EXECUTE TRE TEST PLAN IN CANQUNCTIABN WITH NASA SCIENTISTS 
ANC TeSt PILOTS BN ThE AMES SIMULATION. FACILITIES. SOME OF THe 
EXPERIMENTAL RESULTS BBTAINCD IN THESE TESTS ARE GIVEN IN 
SETTIGN Be 


zt. ANALYZE The EXPERIMENTAL DATA IN _CORYUNCTION WITH NASA 
SCTENTISTS, LSING FILOT MODEL IDENTIFICATION METHODS, 
CyFFYICULTIES ENCBLATERED WITH TheSe PReCEDURES ARE GIVEN IN 
SECTIAN wy, ALONG Wrth A Few PRELIMINARY RESULTS. 


4. OgvelLOF FOR_7RAN Ty WaShAUT PROGRAMS FER APPLICATIONS ON The 
AMeS ALCL AxIS SIMLLATOR, Tw SUCH PROGRAMS ARE DESCRIBED IN 
Tee APPEACIx, SeCTISN 5 DESCRIBES THe USE SF TRhESE CIRCUITS, 


ce DEVELOP A GLESTIONNATRESTYPE LOG TH ASSIST NASA PERSONNEL 
Ih CACUMENTING The EXPERIENCE SBTAINED WITH THe APPLICATION OF 
wASkAL CIRCLITS 7O SPERATIANAL SIMULATIONS, THIS LbG IS 
PRESENTED IN SECTION 6 


SECTION 7 RevigwS The ByERALL STUDY EFFART AND GlveES RECOMMENDA®> 
TIARG FOR FUTLRE INVESTIGATIONS. 


TR rrrrrerrerrePUVPCETSCOCSOCSSO CLARE ESE EPEC REAR ART RSLS EO 


CESEFR, Get, LRECERSTANDING AND INTERPRETING PILOT SPINIBN, 
VATRANALTICAL ENGINEERING REyIEW!, MARCH 1957, PPe 47506 


* ABSTRACT * 
IT TS FELT THAT PERRAPS TH, MAST IMPORTANT FACTOR IN SBTAINING 
Rel Table PILOT SFINTON LigS IN The FORMULATION OF THE PROPER 
SLESTLIIN OF TASK TE BE ASKED THE PILOT, IN ANSWERING THIS 
GLESTTIN, *sHICk ICEALLY TKe TEST PILOT HAS HELPED TH FORMULATE, 
ke MUST exPReSS bIS BPINIBN aT SOme Tlmp OR OThER IN TERMS BF 
ay atceCrive RATING SYSTEM, AS A STEP TOWARD A MORE UNIVERSAL 


491 





NAVTRAEQUIFCE!. IH-298 


CALT?Q ATION BF FILGT BPINIIN, SOME STANDARDIZATION OF RATING 
Ey¥STop, wOLLE HE CESTRABLEe 


TRF FXYERESSTIAN ANC JNTERPRETATI@N AF PILAT BPINIGN MUST 
CAKE TCeER ALSO SLCr FACTORS AS TRE PILOTIS PRESENT VIEWPOINT, 
PACKGRGLAC, EXPERIENCEs AND ADAPTABILITY 


T7 73 aLc® COACLLCEC TraT GRAUNC SIMULATARS IN CONJUNCTION WITH 
‘5 ELMAN PILAT ARE VALUABLE T88LS FOR EVALUATING A PARTICULAR 
ATFELANE BR CONTROL SYSTEM CHARACTERISTIC, BLT, BECAUSE 6F THE 
VERY KEAL CANGER BF MAKING INVALIDATING ASSUMPTIONS, IT IS 
IMPA@RTANT THAT THE TEST PILBT SFARE THE RESPONSIBILITY F6R 

TRF IR DESIGN ANC USEe 


CAMPrP AT AN PILOT wURKL@AC$ UNTIL THE PSYCHOLOGISTS COME ALANG 
wTT> gsyhmve SART AF CEVICE FAR MEASURING PILOT WERK 6R CONCENTRA® 
TIO, THe CHIEF RELIANCE WILL CONTINUE 78 BE PLACED ON PILOT 
AETIATAN HE TRE VARIAUS CEGREES SF ACCEPTABILITY OF PILOT EFFART 
TAVALyFEC IN PERFARMING A GIVEN TASK eee 


CaMMents ON MeTpAN: LSING THe GRAUND s_MULATOR TS DETERMINE 

tee “INIMLM CAMFARTARLE LANDING SPreD, PILOTS FOUND THAT THE 

EFFECTS 9F METIAN CaN Be IGNORED, aA PILOTING TASK ON WHICH 

MOTI6N STIMULT WeRE FOUND Te BE BF PRIMARY IMPORTANCE IS THE 

FITCheLF, IT waS DeTERMINED BY PLAT BPINISN, THAT PITCHING 

ACCEL ERATIAN haS The PRrMaRy M@7ION STIMULUS 76 WICH a3 WAS " 
Seh€rtl yee ANMTRER TASK FOR DETERMINATION @F wHeTHER BR NAT F 
MATTAK IS GeGLIREE 1S A TRACKING TASK USING A SCOPE PRESENTA. = 
T]°\, CAMFARISBN EF GROUND syMLLaTION a~ND FLIGHT TESTS _ 

INPaCate TRAT PILeT CANTROL IS GUrITe OIFFERENT WHEN THEIR ONLY 

SyTPLLLE IS VISLAL, AS BN THE GROUND, FROM THEIR REACTIONS 

hkeN trey ALSO kAye MOTION STIMLL] IN THE AIR, THIS STUDY JS 

CONTINUING IN AN cFFART TO DETERMINE The IMPORTANT MOTION CUE, 


PYUPUUUPURULITSCOCE OUT TOC COS CSCC CEE ECCS RESTS STE re) 


COMFeR, GeEs the Use OF Se ee Lippe rely seal 
ART Lahti Ng ReseaRCh, NORTH ATLANTIC TREATY ORGANIZATION, 
AGAR eRo45C91963 


* ABSTRACT *# 
A \aSa TEST FILBT bt 4 A hrs CANCLUSJONS FROM a NUMBER BF YeaRs 
ALPCRaAFy AND SIMULATOR KeSea~RCk, PyTCrk, ROLL, AND SUSTAINED 

ke Ave FRPCES TROLGEy 76 Be ESPECIALLY ;MPORTANT, SINCE THEY 
FaRY crphek USEFUL [NFORMATIAN BR a Rea~LISTIC DISTRACTION, | 
SWAY aCCeleRatIaAns treUGr]T 76 Be NeCeSsaRY TE REPRESENT ENGINE 
FatLUR, CONOTTIENS. THE EXPERIMENTS QUETED IN WHICH VFA VISUAL 
Cures zReuUGHT 7A Have COMPENSATED FAR ABSENT MOTION CUES. 


TOE PETER PCECCSEOC PC ECOC SSE OST SESE EEE TETRA) 


COW eR, Gof,» 1SIMULATOR STUDY 9F MATION REQUIREMENTS FOR SIMULA, ) 
TING eXCINE FAILURES'. “EMO FAR DIRECTAR, NASA AMES, MAY, 1966, 
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* ABSTRACT # 
AXSET AND VERY ERIEF SUSTAINED G LEAD T@ ADEQUATE REPRESENTAe 
TIFN FOR SIMULATING ENGINE FAILURE, EVEN FOR EXCURSIONS 
FRAGSaMMeEC TA Be AS LOW AS 4 INCHESe CANDITIAN IS THAT 
PISTLRAING WASKBLT MOTIBAS CAN BE MINIMIZEDe 


PWS SC EPOESTCE RSLS ESC ESC ESCORT TERE PSSA RETO RCC ETE SEES TREE ERE ESA eS 


CRAPPER. GeEe AKC HARPER, RePe URe 

THE US OF PIL@T RATING IN EVALUATIAN OF AIRCRAFT HANOLING 
GLALITIESe 'NASA TECHNICAL NOTE TNeDe51453' APRIL» 19690 
ALS@ AGARC REFBRT S67s AFRIL 19690 


* ABSTRACT # 
PYL@T RATING SCALES AND THEIR USE IN ASSESSING AIRCRAFT 
RKANCLING GLALITIES ARE REVIEWEC HISTORICALLY, AND 6BYECTIONS 
THAT RAVE FEEN RAISED TE LIMITATIONS OF EARLIER SCALES ARE 
CANSICEREC IN TrE DEVELOPMENT OF A REVISED SCALEe TERMINELAGY 
LseC IN The EVALUATION BF HaNOLING QUaLrTiIes 1S RevieWeO AND 
Ne® DEFINITIONS ARE PROFOSED TS IMPROVE COMMUNICATION AND 
INTERNATIONAL UNDERSTANCING, 8F PARTICULAR SIGNIFICANCE IS rhe 
NeW DEFINITION @F HANDLING QUALITIES, WHICH EMPHASIZES THE 
IMPARTANCE OF FACTORS TRAT INFLUENCE THe SELECTION BF A RATING 
3theR thaN StaBylLity AND CONTROL CHARACTERISTICS. 


THE EXPERIMENTAL USe OF PILOT RATING IS DISCUSSED IN DETAIL, 
wITh SPECIAL ATTENTION CEVOTED TO (4) CLARIFYING THe DIFFERENCE 
EeTheem MISSION AND TASK, (2) IDENTIFYING WHAT THE RATING 
APPLIES T8, (3) CONSIDERING THE PILOET+S ASSESSMENT CRITERIA, 
ANC (4) DBEINING The SI YLAT ISK SITUATIONS rhe IMPORTAN 


ELEMENTS F The %ePBRT a" THEN SUMMA A SUGGESTE 
1B Lee CUICE+, CeSIGNe FAR GUIDANCE IN PLANNING AND 
EXECUING RANCLING QUALITIES EXPERIMENTS. 


POU PE POC TECISS SOS E SECC ESSE Pee REET TET TT TET TT AT FP 


CeaPELANC, Wobes KAHKLBAUM, WM, JR, BARKER, LeEos 

STEINMETZ» GeGe, ANDO GROVE, RO, AEROSPACE TECHNOLOGISTS, NASA 
LANGLEY RESEARCk CENTER, KAMPTSNy VAc 

THE CESIGN 3F DLAL WIDE ANGLE VISUAL CUg SIMULATORS AND THE 
ANALYSIS 8F MULTIAXIS PROQYECTISN EQUIPMENT (ATAA CONFe MARCH 
16718 1970 (CAPE)) v70"256é 


* ABSTRACT * 
THE SIMULATOR D¢SIGN PROVIDES INDEPENDENT, SIMULTANEBUS VISUAL 
ENVIRBNMENT ANC PILOT FLIGHT STATIONS, ALLOWING RESEARCH TS BE 
CANCUCTED WITH THO PILOTED vEHICLES IN A OIFFERENTIAL MODE, 
EITRER CASPERATIVE OR NONCHGPERATIVE. ATTENTION IS GIVEN T6 
THe ANALYSES OF DESIGN APPROACHES WHICK LED TO SELECTED HARD. 
wake CEeSIGNS WHICH MAXIMIZED THE PILOT+S FIELD OF VIEW, MINIMI 6 
Ze© SCCLUSTONS a~N0 PARALLAX IN Tre PILOT'S SCENE, AND MAXIMIZED 
tre CyNAMIC RaNGe OF THe FLIGHT PARAMeTERS. IN PARALLEL TO A 
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CeETAILEC CESIGN FRASEs EXTENSIVE ANALYSES AND COMPUTER SIMULA« 
TIIAS KAVE BEEN CONDUCTED USING THE ACTUAL DESIGN PARAMETERS. 
TRFSE STUCIES wERE DIRECTED TA@*ARD: 1) THE SPTIMIZATIEN 6F 
FALReAXIS GIMBAL LOGIC USED IN AVOIDING GIMBAL LOCK 2) EVALUAe 
TIPN AF TRE EFFECTS OF TAERGUE CA8LPLING BETWEEN AXES 6F FOUR} 
CIMPAL SYSTEMS, AND 3) TRE ACHIEVEMENT BF SCENE SYNCHRONIZATION 
TRIALGH VATCKING ThE DYNAMIC RESPONSES BF INDEPENDENT SERVO6 
MECRANISMS 


TCC rrrrerrrrrrercererereLeeerrcerCALee rere eee r er er eee eee ee eee eee erty 


CBFKIACALEs KeGe AND BENSON, Aede 'PHYSTALAGICAL AND PSYCH@LE. 
GyTaL FACTSRS INFLUENCING VEHICLE SIMULATION'. VEHICLE SIMULAe 
TIAN FAR TRAINING AND RESEARCHs ReAeFe INSTITUTE BF AVIATION 
MEDICINE, IAM REPBRT NG@e 442 FARNBGROUGHs HANTS, MARCH 1968. 


* ABSTRACT # 
aApSTRACT (SECTISXS RELEVANT TO MOTION) 
c9Me 9F rke CleS RELEVANT TO VEKICLE BeERAVIOR ARE OBTAINED FROM 
Pete AhORG EE ones THESE ReCePyORS aRe STIMULATED BY MECHANICAL 
F8RCeS aNC HedCe SIGNAL TRe aCCeLeRaTIONS OF The veRICLe AND 
17S ORIENTATION 78 THe GRAVITATIONAL ACCeLeRaTIS8N, ACCORDINGLY 
they eROyICE A SIGNIFICANT INPUT TO THe eg “1 OF a3 
veRICLe, hRICh May IN CERTAIN CrRCUMSTaNCeS, Be MORE READILY 
PeRCeTveo THAN The CONCOMITANT vISUAL CLES, ALTERNATIVELY». 
MATION, SR MARE SPECIFICALLY ACCELERATIONS, CAN INTERFERE WITH 
CavrReal BY OcGRaDyhG THe BPERATORS aBlh ity Te PERCEIVE THOSE 
Clegg we Ck JNFQRM FIM ABBUT THE BEHAVIER OF The VEHICLE, EITHER 
By tke yNTREOLCTION OF CYSTRACTING ANO DISTURBING SENSORY 
crIMLCy, 8R By CISRUPTING THe FING HAND AND FO6T MOVEMENTS BY 
m+TCk he ExCERSISES CONTROL, 


aGRees TRAT MBTISN SIMULATION MaY @R May NOT BE NeCeSSARy 
MeFeENCTNG LPGN TRe PURPOSE OF THE SIMULATOR, 


BLTL Nes The NON SyISUAlL SENSORY MeCHAN;SMS BY WHICH MaN 
FERCETVES “S8TIAN. 


TLE MECRANSRECEPTORS WHICH gio THE SPERATER WIT, INFORMA} 
TIAN aBBLT Tre MOTION BF THe vehICLe ARe STIMULATED BNLY BY 
aCCeLeRATISN ANC THAT, WITH THE EXCEPTION BF The VESTIBULAR 
APPARATLS, ThkeSe RECEPTORS ADAPT QUICKLY, THUS, BY EXPESING 
THKE SPERATSR TH A COMPONENT OF THe P CaMPUTED ACCELERATION O6F 
THE vehicle, IT KAS BEEN POSSIBLE TA CREATE AN ACCEPTABLE 
TLLLSzan OF VehICLe MOTION, IN OTHER WARDS TS PRODUCE 
PcSCreplal EGLIVALENCE. HOWEVER, THIS TECHNIQUE FAILS TO 
erMLLate SUSTAINED ACCELERATIONS. CENTRIFUGES CAN BE USED FOR 
SLSTATNEO ACCELERATIONS BUT THEY NECESSARILY PR6EOUCeE ANGULAR 
aCCeLeRarISNS als@ wHICh May LEAD TO The EVELGPMENT IN THE 
APeRATAR BF AN INCBRRECCT ASSOCIATION BeTWeEN VEHICLE MOTION 
ANE tke aCCOMPANYING SOMAESTHETIC SENSATIONS, 


POU PUPUTTCEICTOCOCOCOCCOLOS CTR EET ETS eS eS 8 
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FeRe CARLYA@N = “ATIAN SYSTEM 
FATENT NO@e 324942052 
FILEC AFRIL 10s 1967 GRANTED FEBe 104 1970 


N@ ABSTRACT 


PPR ESP ECTERLE SC SCC CECE CSE EEE ESSER ASE EASES TT PTT ee 


CREER, BeYos SMEDALy, HeAe AND WINGROVE, ReCe ICENTRIFUGE STUDY 
AF FILST TILERAKCE TO ACCELERATION AND THe EFFECTS BF ACCELERA} 
TION BN PILOT PERFORMANCE'. NASA TN De337, NOVEMBER 1960+ 


* ABSTRACT *# 
A RESEARCRk PROGRAM, THE GENERAL 6BVYECTIVE 6F WHICH WAS TE 
MEASURE Tho EFFECTS OF VARI@US SUSTAINED ACCELERATIANS BN THE 
CaN7Rel PerFerRManCe OF FylLers, WAS erie QUr ON The AVIATIAN 
MeCyCal aCCELeERATIGN LABARATARY CENTRIFUGE, Ue Se NAVAL AIR 
CeVeLePMeENT CENTER, JOHNSVILLE, PAs Tre EXPERIMENTAL SETUP 
CONSISTED IF vA FLIGHT SIMULATOR WITH The CENTRIFUGE IN THe 
CehtReL LOEP,. TrKE PILOT PERF erheD HIS CANTRAL TASKS WHILE 
PeING SLBwECTED 16 aCCelLeRATIA@N FieLOS SUCH as MIGHT Be 
ENCAUATEeRELC BY a FARWARC.FACING PylLer FLYING aN ATMOSPHERE 
ENTRY vekKIClLe, Thre STUCY Was OrvyOeD INTO THREE PHASES. 


IN 8Xc¢ FRASE BF THE PRAGRAM, THE PILOTS WERE SUBJECTED TO A 
vARYETY BF SUSTAINED LINEAR ACCELERATION FORCES WHILE CBN. 
TRALL ING VEHICLES WITH SEVERAL DIFFERENT. SETS OF LONGITUDINaL 
DYNAMICS, HERE, A RANDOMLY MBVING TARGET WAS CISPLAYEO T6 THE 
FILeT 3n A CATHBCEeRAY TUBE, FOR EACH COMBINATION OF ACCELERAS 
TISN FIeLC ANC yehICbe CYNAMICS, PILE TRACKING ACCURACY WAS 
MeASUR:C ANC FILB7 OPINION OF THe STABILITY AND CONTROL 
chaRacteRISTICS WAS RECBRDED, THUS, INFORMATION WAS BBTAINED 
8N The COMEINED cFFECTS OF COMPLEXITY 6F CONTROL TASK AND 
MAGNITUCE AND DIRECTION BF ACCELERATION FORCES ON PILOT PERS 
FORMANCE, TheSE TESTS SHOWED THAT THE PILETIS TRACKING 
FeRFARMANCE DeTERIGRATEC MARKEOLY AT ACCELERATIONS GREATER THAN 
ABOLT 4G WHEN CONTROLLING A LIGHTLY DAMPED VEHICLE. THE 
TeNtaTI ve CINCLUSTON WAS ALSO ReACkeD THAT RegaROLess 6F THe 
AIRFRaMe CY AMICS INVOlLyEO, THE PILOT FEELS THAT IN BORDER TO 
Fave the Sate Level OF CONTROL OveER THe VEHICLE, AN INCREASE IN 
TkE ver ICle YNAMIC bie a gu WAS PeQUIRE WITK INCREASES IN 
The MAGNITUDES OF The ACCELERATION IMPRESSED UPON THe PILOT, 


IN AN@TrER PKaSe, BAUNDARIES BF HUMAN TOLERANCE OF ACCELERATION 
weRe ¢STABLISheD FOR ACCELERATION FIELDS SUCH AS MIGHT Be 
ENCBUNTERED BY A PILOT FLYING AN ORBITAL VEHICLEs A SPECIAL 
FILET FeSTRAINT sySten wAS DeveL@PED TO INCREASE HUMAN 
TOLERANCE TE LENGITLOINAL DeCELERATIONS, THE RESULTS OF The 
TESTS SRAWEC THAT HUMAN TOLERANCE OF LONGITUDINAL DECELERATION 
FERCES waS CONSICERABLY IMPROVED THROUGH USE OF THe SPECIAL 
SeSyRaIny SYSTEM, 
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4 CAMPARATIVE EVALLATIABN WAS MACE, IN ANOTHER PHASE 6F THE 
INVESTIGATION, 6BF TRE TRHREE-AXIS TYPE OF SIDE#A?M CONTROLLER 
AND TRE TWG"AXIS TYPE IN COMBINATION WITH TBE FDALS FER YAW 
CANTFAL. DURING THE TESTS» THE CIFFICULTY OF BLENDING AND 
APFLYING TrRREE CBNTRAL INPUTS WITH BNE HAND USING THE THREEe 
axIS CANTRALLERS WAS REFEATEOLY POINTED BUT BY THE EVALUATION 
ErLats; AS A RESULT, THEY WERE UNANIMBLS IN THEIR PREFERENCE OF 
THE TaBeAXIS TGE*PEDAL CLASS OF CONTROLLERS 


TOT ererTrrrreeererereeer eee TEC ACEP P RAPER TARE TERRE ST EP 


CREER, BeYes STEWARTs UeDesr MERRICKs ReBes AND URINKWATER,s 
FeuellIe A PILOT SPINIGN STUDY OF LATERAL CONTRUL REQUIREMENTS 
FRR FIGRTER@TYPE AIFCRAFTe ‘NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION MEMGRANDLM! 4=29"59Ay MARe 19596 


* ABSTRACT * 
aS PART SF A CONTINLING NaASa PROGRAM OF ReSeARCK BN AIRPLANE 
kaNCi ING GLALITIES, A PILOT OPINION INveSTIGATION HAS BEEN MADE 
AN tke LaTERAL CANTREL REQUIREMENTS GF FIGHTER AIRCRAFT FLYING 
IN tTeeTR COMBay SPEED RaNGe, The INVESTIGATION WAS CARRIED BUT 
LSING a STATIONARY FLIGRy SyMULATAR AND A MBvING FLIGHT 
eyMLlaraR, ANC tke FLYGR7 SyMULATOR ResULrS WeRe SUPPLEMENTED 
RY RegeaRCh TeSTS IN ACTUAL FLIGHT. 


a FL1Ghy SIMLULa7OR STUCY Was BaSeD ON tHe PRESUMPTION THAT THE 
FILA, RareS The ROLL CONTROL SBF AN AIRPLANE -PRIMARILY BN A 
STN cl eC EGR ce OF Fee eOer BASIS; THAT IS, CONTROL OF ANGLE OF 
RALL ABBUT TRE AIRCRAFT BODY AXIS BEING OF FIRST IMPORTANCE. 
FRAY rhe ASSLPPTION BF a SINGLE DeGREE BF FREEDOM SYSTEM, IT 
FalLans TRAT : Re aRe th@ FUNDAMENTAL PARAMETERS WHICH GOVERN 
TRE ATRELANE eEL ReSPONSe, NAMELY THe ROLL DamMPING EXPRESSED 
aS a TiMe CONSTANT aND ROLL CeNTREL POweR IN TERMS OF ROLL 
aCCeLeRatISN, tHe SIMULATOR STUCY Resulted IN A raid AL IN 
Te’ws SF ings Tho ghetto Rs wHIcK VerINeS SaTISFACTSRY, 
UNSatrSFaCTBRY, aNC UNac E TABLE ROLL PERFORMgNCE FROM a PILE, 
AR IN TAN Ss TANCP INT. THe Ay NG SyMULar R ate WeReE 
SL=SpaNTIATES BY Tee INSFLIGHT INvESTIGATISN, 

ke DeRypvel CRI yERIBN aS CQ@MPARED WITh THe ROLL PERFORMANC 
detach ran BaSec E pen wING TYP Hee rx ANGLE ANC alLS6 wITH 8 THER 


Sell FERFARMAKCE CanCEPTS WHICH CURRENTLY INFLLENCE THE R@bL 
PERFaRMaNCe CestGn OF MyltraRY FIGHTER aIRCRaFy FLYING IN THEIR 


C8a”Bay SPEED RANGE. 


Pee ere er eee Cee CCC eC eee ee eT AER ee 


CRAsearc, Rede CyRECTIENalL CANTROL @F aCCELER,gT IVE FORCES JIN 

Corsair (ce aY sveqer iF GrMpals. JeuRK gL SF AVIATION MEDICINE» 

VALLME 27» PAGES 508°5112 DECEMBER 195¢. >) 
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* ABSTRACT # 
Ik FLUMAN CENTRIFUGE STUCTES, BY SUSPENCING The SUBJECT IN A 
CPNTROLLABLE COUPLE GIMBAL SYSTEM, aS C@MPARED TS PLACING HIM 
Bh A FREELY SWINGING PLaTFARM, The FELLEWING BENEF JCyAL RESULTS 
ARE DERIVEC: 


te IT IS FOSSIBLE TE VECTOR BLT THE TANGENTIAL ACCELERATIEN 
CLE TS THE ANGULAR ACCELERATION OF THE CENTRIFUGE ARM BY PR@PER 
MAVEMENT BF TRE INNER GIMBAL, SO THAT IT IS NOT FELT AS A 
TRANSVERSE G COMPONENT BF THE RESULTING Ge. THE BSCULAGYRAL 
TLLLsy6\g SF Tre GANDBLA TUMBLING ARE LeSS UNPLEASANT AND Less 
CrSBRTENTING THAN. THE BCULBGRavIC yLLUS;ONS CalseD BY THe 
RETATING RESLLTANT G VECTBR BN A NONGIMBALED CENTRIFUGE RIDE, 


ze Tre 9VERSKeGTING ANC OSCILLATING BF THE FREELY SWINGING 
FLayFaR aRe FRaCTICaLLY elLyMrNaTeD BY tHe TIGHT CENTRAL Placed 
BN Tee SlUTER GrMeal DURING [TS MOVEMENT, . 


COMETNaTIGN ALLOWS FOR He GReay vaRlerY GF yO8STLING G ParreRNS 

TYPICAL 9F UNCSNTRELLED AIRCRAFT. THESE MAY BE DUPLICATED AS 

RFreN as NeCeSsSaRyY 76 GaIN gp STATISTICAL EVALUATION OF THE 

TALERANCe AF tre AVERAGE PILET UNDER SUCH CONDITIONS, | 


ze The ABILITY GF THE GIMBaLS TO6 BpERateE SINGLY OBR IN 
j ! 


ge CaTAPLLy G FaTTERNS MAY Be PARTIALLY REPRODUCED BY PROPER | 
PASyTyOhyNG SF RE GIMBaLS, VALVABLE INFORMaTION FOR A 
PRELIMINARY S7UCY BN THe CayaPULT CaN yHEREF ORE Be BBTAINED 

ERTAR te ACTUAL CaTAPULTING, UNDER MORE PRECISE CBNTREL 

CaNCryrAns, aXC at a MUCH REDUCED Cesr FER RUN, 


&. The GIMBAL SYSTeM MAY all 4 THe MEANS oh tale A PILOT 
Ritk tRe AID BF SUITABLE INSTRUMENTATION, MAY ACTUALLY COATREL 
hIS SpN RICE UNCER yARIGUS CANCITIONS, (AUTHOR) ~ 


HOHE HHH He POSES EPEC ESE CST ee CTT TE TCA SET PT ESET he eT 


CURRY, F Een YOUNG, LeRey HeFFMAN, WeC, AND KUGEL, OL. A PILET 
“Del with VISUAL AND MOTION CUcS, tAIAA VISUAL AND MOTION 
SIMLLATIAN CANFERENCE PROCEEDINGS1, DAYTON, BHIGs APRIL 26°28, 
19765 Pe 50°549 


* ABSTRACT # 

A MOCEL IF PILGy CANTREL PERFORMANCE IS DevelePeD TS ACCOUNT 
FA® the <FFECTS 8F MOTIEN Cugs AND EXTERNAL VISUAL (vMC) CUES, 
The STARTING PRINT FOR THE MODEL IS THe GPTIMAL CONTROL MODEL 
SF The RUMAN 6PERATOR, WHICH HAS BEEN WeLL VALIDATED IN FIXED. 
PASE IMC (EeGe, INSTRUMENT CUES) SITUATIONS. THE FIRST GBAL 
waS T8 INCBRFBRATE MBTIEBN CUES BY AUGMENTING ThE CONTROLLED. 
StAte veCTOR wITH The DYNAMIC DESCRIPTION OF ThE VESTIBULAR 
SeNSSRyY ARGANS (SEMITeCIRCULAR CANAL ANp BTELITK)+ COMPARTSEN 
SF tke MOCEL FREDICTIONS With EXPERIMENTAL RESULTS OF METION. 
BNLY FRaCKING IND {Cates THay THe NOISE/SIGNAL RATIO FOR ThE 
VESTIBULAR MEASLREh ENTS CAN Be MODELED AS APPROXIMATELY -16 OB. 
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TETS ASow MSDEL WAS APPLIEC TS A VTA@L HAVERING TASK AND DID AN 
EXCELLENT wA@B BF CESCRIBING THE C@NTROL PERFOR¥ANCE WITH 
wITRSLT MOTIBN CLES, BSTF SN AN ABSBLUTE AND RELATIVE BASI. 

TEE OYFFERENCE BETWEEN IMC AND VNC VISUAL CUES WAS ACCBUNTED 
FER TKR THE MOCEL BY DECREASING TkE QUADRATIC PENALTY 6N ROLL 
RATE (lefes FIGRER RELL RATES ARE ALLOWED)» TRE MODEL PROVIDES 
a CAaDP DeSCRIFTIAN BF CBATRAL PERFSBRMAACE WITR ANO WITHBUT 
MATTAK anf v™C CULES, AND PREDICTS THE CHANGE IN SCANNING 

Te haVITBR BRSERVED LADER TRESE CBNDITIOANSe 


Me HE HHH HHH HER HEHHHHH HH 


CLUSTER, Lele = AVIJATISN TRAINING MACHIKE 
PATENT N@e 220638231 
FILEC SEFe 15, 19306 GRANTEC DECe &,% 1936 


\N@ ABSTRACT 
9 EE RHEE EE HHH HHH HEHEHE HHH 


CLILER, AeEe 'ENVIRSNMENTAL REALISM IN FLIGHT SIMULATORS, 
ce INSTe ELECTRANe RADe ENGRSe* 196673195716¢ GUBTED AFTER HUDe 
SLESTEN (1966) 


* ABSTRACT *# 
aA SUMMARY OF EXPERIENCE FROM A LEADING MANUF ACTURERIS 
VIERKPSINT. TRE LACK OF CA8CKPI]T M@rrON CUES IN EARLY SIMULATSRS 
Cave RISe T8 EXCESSIVE FILB7 SCRUTINY SF INSTRUMENT GEHAVIGR 
-FICELITY. IN ACHIEVING MBTISN PERCEPTION (WITF VISUAL HELP) 

LINcaR PASITION AND veLSCITy, AND ANGULAR PSSITIBN, ARE NOT 
LScFLL; CRANGES (eveN TRANSIENTS) IN LINEAR ACCELERATION, AND 
TN aNGULAR VELOCITY AND aCCeLeRaTION, aRe MOS USEFUL. AN 
tMPRessy9N SF Shay SR SLRGeE CaN Pe GIveN BY LEANING RESIDUAL 
RALL 52% By TCh CysPlaCeMeN TS FelLewy;NnG W%eLL 6R PITCH raNguy R 
aCCeLpXatISNS, Yaw IS Fey vERY_IMPORTANT, SINCE It NOR acy 
ecctR>s ys COMBrNayIeN Wyk BTHER MOTIONS TE WHICH yR, BADY JS 
VAFE SENSITIVE. 


Tre rr rere rTEOCePCPeTCCCOCC eC CC ESP PPC PPT ET PS PCP PS EPS Ph PP SS 


CLTTS, Save tA STUDY BF TURBULENCE SIMULATION', LINK eGROUP SYS 
Te™S CIVISION, GENERAL FRECISISON, INC, BINGHAMTON, ENGINEERING 
SEFERT NAe 854, NOVEMBER, 19678 


* ABSTRACT * 
A TLRBLL ENCE SIMULATION STUDY 4AS BeEN COMPLETED AND THIS 
CaCLMENT CeSCRIBes THe RESULTS BF THAT STUDY, THE APPROACH 
LIK 78 CSNSTRLCT TURBULENCE AS A CONTINUBUS GUSTING VELOCITY 
aF The FARMS ¥ 


(+) ¢ (M) (AR STK NWT + BM CIS NT) 
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Net whERE W2K/\V (KsCONSTANT) 
AN» BN sRANCHM 

VeFBRWARD AIRSPEED 

GALSSTAN VARIABLES 


FY SUITABLY GENERATING A(N) ANO B(N)s S(T) CAN BE MADE TO HAVE 
TRE SAME FEWER SPECTRAL CHARACTERISTICS @F TURBULENCE AS 
SPECIFIED IN NAS4 REPORT NO, A272 (REP ERENCE)» FIGURE 4 y 
WITPIN THE MAIN Text, SFOWS THE INTeEGRayION OF THe TURBULENCE 
GeheRapIAN IN7O tHe MAIN COMPUTATIONAL sYereh AND IS 8UR 
phebagec MepHAC FAR [MPLEMENTATION IN a SIM Lar@R, ir IS 
FReSeNtLy PLANNED 76 MORE THBROUGHLY EVALUATE THIS APPROACH IN 
A TeS7 CONFIGURATION ON A GPLTV COMPUTER, THe RESULTS BF THIS 
TeSy WILL 2¢ FORK ARDEC aS SBBN AS AVAILABLE. 


(PORE PERCE CECE S EPEC ETS ETE SE PSCC AS ERCP eT ET ST STP TTT TPT ET 


CYFLS, Mabe ENERGY CONSERVATIGN THROUGH THE OPTIMIZATION OF 
FYDSAUL TC PeheR sLPPLyes FeaR THE s]x DEGREE aF FReeDeM eT Len 
SY¥SteEM, FLYING TRAINING CryrsI6\, +A FORCE HUMAN ResBURCES 
LAPSRATORY REFERT! AFHRLeTR-77=7, WILLIAMS AIR FORCE BASE, 
ARTZANA B5224,_ MARe 19778 


* ABSTRACT * 
THE fBleCTIVE BF THIS PROJECT AS TE ESTIMATE THE APPROXIMATE 
KYCRALL]C FLLIO Flew REGUIREMENTS FAR THE SIX DEGREE BF FREEDEM 
MOTISN SYSTEM BF TRE TYFE SPECIFIED IN mMIL*STDe1558 AND 
CeTERMING MEANS BY WHICR MOTION KYDRAULIC SUPPLIES CAN Be CUT, 
COMBINEC, 8R wACE MORE EFFICIENTe THIS PAPER DEFINES THE 
APERAACK, CATA CALLECTIBN, ANALYSIS, AND RESULTS 8F THAT 
FROLECT. 


PoE EPUSCT CO SS ICS Ce ST eee ET CC REET RSET EES ET TPE LSPS SPP TS SD 


CY8ls, M,L. METRAD FAR COMPENSATING TRANSPORT LAGS IN COMPUTER 
IMAGE GENERATION yISUAL DISPLAYS FOR FLIGHT SJMUCATION, FLYING 
TRAINING CIVISION, tAI® FARCE HUMAN RESBURCES LABBRATSRY REPORT! 
AFLRL=TRe77%6s MAR 197760 


* ABSTRACT # 
THIS PAPER cxarIheS AN ANALYTICAL TECHNIQUE FBR 2 nd a ia 
CAEMECNSATING TRANSPORT CeLaAyS IN COMPUTER IMAGE GENERATION 
(CTG) VISLAL SYSTEMS, WeILE ELIMINATING HIGH FREQUENCY 
‘FLUTTER? EFFECTS, 


POUESUCEC CEC ERESESCEE CSE COSC Se Cree ee TP 8 


CYFLS,M ue ENGINEERING ANO GEOMETRIC CONSTRAINTS OF A SIX DEGREE 
SF FReeCAY SYNERGISTIC FLATFOR™ MOTION SYSTEM, FLYING TRAINING 
CIVISISN\, taIR FARCE KUMAN RESSURCES LABBRATORY REPBRT! 
AFKRL Th e77=5, WILLIAMS AIR FORCE BASE, ARIZONA» MAY 19776 
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* ABSTRACT # 
RECENT CANTRAVERSY SURRBUNDING THE TRAINING EFFECTIVENESS 6F 
TRF SyX MEGREE eF FREEDOM, SYNERGISTIC PLATFORM METIEN SYSTEM 
TS CEATEREC BN SEVERAL ISSUES, GNE SF WRICH IS, SURPRISINGLY, 
wEST EXACTLY WRAT MATION THE PLATFARM IS CAPABLE OF PREDUCINGes 
TRIS PAPER PRESEATS THE PRIMARY EGQUATIANS AND CONSTRAINTS, AS 
beLL aS 4 NUMBER BF CERIVED CANSTRAINTS APPLICABLE TO THE 
AP VANCED SIMLLATAR FAR FILS87 TRAINING (ASPT)» A REPRESENTATIVE 
MATIAK SYSTEM. 


Terr rrrrrc crc referer er es eee ee ee eC RPP Ree ee eRe See Re PP eG 


CYRLS, MeLe METIGN SYSTEMS ROLE JN FLIGHT SIMLLATORS 
FAP FLYING TRAINING 

FLMAN RESBLRCES LARGRATARY (AFSC) 

FLYING TRAINING CIVISISN 

wILLITAMS AFBs AZ» AUGe 1978. 

REPRRT: AFHRL=TR-78*39 


* ABSTRACT * 
THIS REFSRT ReviewS TRE LITERATURE AS IT RELATES TO THE USE OF 
PLarFSRw METIN SYSTEMS IN FLIGHT SIMULaTORS FAR FLYING TRAINING, 
MatrAan ys CysCuss|el JN TERMS BF 17S EFFECT BN COMPENSATERY, PURS 
SLIt, AND PRECOGNITIVE TASKS, WITHIN BATH The SIMULATOR AND 
TRANSFER CANtExTS, ALTROLGH aftr SkILLeD aND LNSkILLED BEeHa. 
yrfk 1S nCCRegsed the FORMER IS preraSiZede THE Rep@Ry Con. 
CLLEES yHaT, FO Fact TASKS, PLATFARM weryTON yo NOT ReQguIReD 76 
PRACLCE 2APIC, EFFICIENT, ECONOMICAL TRAINING, AND THAT OTHER 
LeSS exPeNSIVe Meas OF IMPARTING MOTIEBN INFORFATION ARE EQUALLY 
vIABLe ALTERNATIVES AND RECBMMENCS: 

(1) *HENEVER FEASIBLE ANC AFFORDABLE, SIMULATOR SYSTEMS 
SkeallLo FE EGLIPPED WITH THE LARGEST FIELDegFeVIEW VISUAL 
Syste” CONSISTENT WITH MISSISN REGUIREMENTS, AND 

(2) SIMLLaTARS CAN (FeR “8ST AIRCRAFT) Be SAFELY PROCURED 
WTTRAUT A PLATFORM MOTION SYSTEM WITHOUT CAMPREMISING TRAIN, 
ING EFFECTIVENESSe 


‘eCrrrerrrrcrorceeerreecreleorcecerTeraee ree eee TSE RASTER REPRESS SY 


CYRLS, ML. ANC TEMPLETON, T.Ke BUFFET SIMULATION FER ADVANCED 
er¥bLaraR FOR PyLOy TRAINING (ASPT), FLYING TRAINING DIVISION, 
ma TR FARCE HUMAN RESSOURCES LABSBRATORY REPORT, AFHRLeTRa77ehy 
WILLIAMS AIR FORCE BASE, ARTZONAs MARe 19776 


* ABSTRACT * 
THIS FaPeER PReSeN7S A MBTION,/CONTRAL LaNOING Ber eT SIMULATIEN 
EaCkaGr aS IMPLEMENTED BN The ADVANCED SIMULATER FOR PILOT 
TRAINING (ASP) LOACaTED at WILLIAMS AFB, ARIZOKAe All 
FriMary BLFFey EFFECTS ARE INCLUCEC, THE HIGH LEVEL SF PILeT 
aCCePyanCe ANC SUBLeCTIVE ReaLISh INDICATE A_SIMPLIF IED 
APPR SI Ch TS PLFFey SIMULATIEAN IS SUFFICIENT FOR TRAINING 
PUTFScES, 
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TREE Tee ST Cee Cee COP eS CP eee eS PCP APES PPC Pee eS SP TTT Pee TP ee eee ee eS | 


MANNESKIBLUs Rel. 

BRVECTIVE SCARING PRBCECURE FAR BPERATIJONAL FLIGHT TRAINER PERe 
FeRMance, TECKNICAL REPBRT SPECDEVCEN gg9e2—4, ThE PSYCHKELAoT. 
Cal CetFeRATIan ANC THE Uses, NAVY SPECIAL DeviICes CENTER PReUECT 
ZorAeysa FEBe 1985+ (AD=110 925) : 


* ABSTRACT * 
TKIS REFSRT CBNTAINS AN ANALYSIS BF THe PREBLEM BF SCARING 
STLCENT PERFARMaANCeE IN FLIGHT TRAINING DeviICes AND REPORTS IN 
Netarl the ResllLrs OF vaRyGUS STUDIES AF THe PROBLEM, 
CHAFTeR 1 IS a Review OF THe HISTORY AND PROBLEMS SF FLIGHT 
GRACING, Cae TES 1] P@yN7S UP SPeCyFIC PROBLEMS 768 BE SOLVED 
Ry ThE DeS]GN BF SCARING INSTRUMENTS, CHAPTERS IlI, IV, Vs AND 
vIT PReSeNT The De TAILS OF TRE ReSeARCk AND SUMMARIZ— THe 
FINCIAGS, Tre RESULTS GENERALLY INDICayEe THAT; 


1. Tee TECHNIGLE FER ASSESSING PILOT PERFORMANCE IN THE AIR. 


TRAINERS « 


ze “ECKANICAL 8R AUTOMATIC SCERING METHODS ARE CUMBERSOME ~aND 
FaTL 76 MEASURE TOTAL PERFORMANCE, FLIGHT Path RECARDING 
INSTRUMENTS ARE AF yale AS aN A JYNCy 78 MaNUalk GRaDING FERMS 
LSEC EY rNSTRULCTARS. 


3, INS7RLCTBR SCARING INSTRUMENTS FER BASIC INSTRUMENT 
FaMrLyaF IZATION aND PROCEDURES TRAINING IN THe SNUeBFT AND 
FoFeeSFT WERE CeveltPeD AND APPEAR IN THE APPENDIX, 


CRETE eT ELEC EPP eC ES ESE Ce ST PCCP PETS EET PR CPR PP PP PPP Ph eo 


wee, CAVIDSEN, ET AL « CENTRIFUGE MOUNTED MOTIEBN SIMULATOR 
FATENT A8* 32496s557 
PATE FILED = ALGUST 284 1964, DATE GRANTED © JULY 27% 1965 


N8 AQSTRACT 
Peer rrr ee ST errr errr TTT TeTerI TTT el rTercrrrri ii rrerci irri res Ss | 


DCav'S, J, AND BEADSMGRE, E,J, A MILITARY VIEW OF FLIGHT SIMULAe 
TIAN, IN PROCEECINGS, TwOeDAY SYMP@SIUM BN FLIGHT TRAINING SIMe 
LLATARS FAR TRE 7o1Se 147/15 BCTEBER» 197094 THE RBYAL AERO@NAUTe 
ICAL SOCIETY, 4 FAMILTON FPLACEs LONDON wiv S8Bae 


* ABSTRACT *# 
CySCUSSES THe Neh a dy BF FLIGHT SIMULATBRS, KN@WN AS 
FULL MISSION SIMLLATSRS IN USE BY THE RaF AND RNo_ THEIR 
CAMMENTS CONCERNING MOTION ARE CONTAINED IN THe FELLEWING 
FAR AGRAFHe 
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'y CH \9T *ISk 78 SAY MUCK ABOLT MATIGN EXCEPT THAT BUR MISSION 
SIMLLATSRS EMBSCY EITHER THREE SR FAUR DEGREES-8F -FREEDOM 
SYSTEMS, w»E ARE NOT CONVINCED SF THE NEED FOR ALL SIX FREEDOMS 
IN FACT wE& ARE NOT REALLY SATISFIED THAT A MOTIGN SYSTEM WITH 
MARE TRAN THE STANDARD THREE DEGREES BF FREEDOM (ROLL» PITCh 
AND ke Ave) IS NECESSARY FAR A MILITARY SIMULATERe HBWEVERs IN 
8LR FIGETER@TYPE SIMULATORS we REGUIRE RATHER NATURALLY» HIGHER 
RALL RATrS ANC EXCURSTIGNS THAN CBES THe CIVIL GPERATGRe IN BUR 
KARRICS SIMULATBR we WILL HAVE ROLL RATES AND EXCURSTBNS IN 
EXCESS AF THESE FRAVIDEC FOR TRE SIX DEGREES*6F=FREEDGM MBTIEN 
PLATFARMS CURRENTLY IN BLILD. MISSION SIMULATORS HAVE, IN 

ADC ITISN A 'G! SYSTEMs COMPLEMENTARY TS THE MOTION SYSTEM, 
wRICHK IS INTENDED Te ADC T8 THE STIMULI RECEIVED BY THE PILOT 
SLEING MANEUVERS INVOLVING BBTH POSITIVE AND NEGATIVE 'Gt, ThE 
ErLAT#S SRSULCER aND LAF STRAPS ARE TIGHTENED CURING NEGATI vE 
1G" MaNeuveRS, ANC the EyeCTOR SEAT PAN IS MBye2o DURING 
POSITIVE "Cer 


eC ere rr eC eee eC eee ee PPS TT TPP ee ee EHH HHH 


MeF,. Ce POY ET AL = TASK TRAINER 
CATENT Noe 341612968 
FILES FESe 195 1962 GRANTED DECe 22s 1964 


KA ABSTRACT 


Terr rrrrrrcrrrerrrrerreercroerer ese SESS TEPC ESE S ECE RRR S SR EO 


Pe FLaREZs be = TRAINING APPARATLS 
CATENT AAe 293012685 
FILED ALGe 135 154¢ GRANTED NOBVe tc, 1942 


NA ARSTRACT 
6 TE Ee EEE EE EE HHH NH HHH HEHEHE HEHE 


CePeRG, A.t., MCFARLAND, B,P, ANC SHOWALTER, T,%. THE EFFECT OF 
sp’CLarar FICeLy7Y BN ENGINE FAILURE TRAINING IN The KCw495 AlRe 
CRAFT, agRBNALTICAL SYSTEMS DIVISIBN, UNITED STATES AIR FORCE, 
KRIGHTePATTERSGN AFBs GFIG~e APRIL auwzge 1976* FFe 83°876 


* ABSTRACT * 
PeCalge 3F Tr CaNGeRS ASSACrATED WITR ENGINE FAILURES DURING 
TAKESFF SF Lake MULTIwENGINE AIRCRAFT, FLIGHT SIMULATORS ARE 
LglaLLY 'Sel 76 TRAIN FILOTs 78 Recover FROM rhIS FayLURe, AN 
ASSESSMENT BF tke EFFECTIVENESS BF THe TRAINING WaS MADE USING 
AN ENGINEERING FLIGHT SIMULATOR WITH KCo135A ATRCRAFT 
CaVPanOeRS AS A TEST SUBVECTS« THe AVAILABLE VISUAL SYSTEM AND 
May19N SYSteM CUeING CAPABILITIES BF THe ENGINEERING SIMULATOR 
weRe ReoStRICTel 76 PROCLCE FOUR CBMBINATIGNS REPRESENTING 
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CURRENT TRAINING BAROWARES (A) VISUAL SYSTEM Cugs ONLY 
(2) Merye8\ SYSteM Cles BNLY, (C) VISUAL SYSTEM AND MOTION Cues, 
anf «D) NO VISLAL SYSTEM OR MOTIBN SYSTEM CUES, G6NE SUBUECT 
GRALP was TRAIN¢D Te RECOVER FROM ENGIN FAILURE IN GACH 6F 
TeeSe CleING SITUATIONS, ALL REST ICT IONS T8 THe CUEING 8F THe 
ENGINcERING SIMLLATOR WeRe Lal ReM@veD, AND TRAINING 
EFFeCrIveNeSS OF tee FOLR CaNDIDATEe SYSTEMS WAS ASSESSED BY 
MEASLRTNG FIL6y pERFERMAnCe IN THe UNReSTRICTEC ENGINEERING 
sy"lLaTeR, R SLL TS nea ANaLYZeCO BY a FACTORIAL ANALYSIS 8F 
vARTANCE, RESULTS IN teates (A) THe SUPERIORITY OF TRAINING 
EFFecTIyeNeESS WITH VISUAL SIMULATOR SYSTEMS, (B) THE 
ENFANCEMENT BF TRAINING cFFeCrlveNess BY INCLUD [NG a MOTION 
SySteM IN The TRAINING s7MUEATOR, AND (C) TH Sree at Scie 
IMPRGyeMeNy IN TRAINING USING 56TH MOTION ANB vISUaL SYSy_eMs 
T8GETHER, THIS EXPERIMENT 1S THe FIRST GF A SERIES WHAT WILL 
INVESTIGATE SIMULATION CUEING EFFECTIVENESS, 


Pore rePTVEEECOOCTOCCCSCCSOSCSC ESTAS EPSP CCE TE TCT PCCP PPE eS 
a 


RC, CERMEL = FLIGHT TRAINING APPARATUS FOR COMPUTING FLIGHY 
CAND TTIGNS ANC SIMULATING ReaCTION BF FARCES BN PILATS 


FATENT A@e 226875580 
FILED MAY 25, 1948 GRANTED AUG 31,1954 


N68 ABSTRACT 


wR PETE CPERESOCCSCOCCOCCCCOC ELST CRAP EEE ST TETRA PAPP RChP D 


DEILY, Weekes GLASSMAN» Tes AND HOUGHTON, DeBe A DYNAMIC AIR 
CRAFT SIMULATOR FBR STUCY OF HUMAN Geerenee CHARACTERISTICS, 
mTke FRANKLIN INSTITUTE LABBRATORIES!, PHILA, PAs TECHNICAL 
REFERT Fe2169» 3c SEP 1952+ 


# ABSTRACT *# 


“THIS REPORT COveRS THe CEeSIGN ANC C6NSTRUCTION BF A DYNAMIC 


SIMLLATOR SF aN aLRCRAFT IN FLIGHT IN WHICH tRHUMAN FREQUENCY 
ReSFANSES! 78 vISLaAL SIGNALS MAY Be MeaSURED FOR tHe PURPOSE OF 
CeTeRMINING SPTIMUM CHARACTERISTICS SF AN AIRCRAFTS CONTROLS, 


THe CyNaMIC SIMULATOR COMPRISES AN AIRCRAFT COCKPIT, A PROGRAM 
UNT7 WeICh PReSeNtS vISLaAL INPUT STIMULT ON A CATHODE SRAY TUBE 
IN view QF The Brier, ANO ELECTRONIC ANALOG COMPUTER WHICH 
C8MFYTES THE AIRCRAFT EGUATIONS OF MOTION AND RESULTANT STIMULI 
(TARGET) MOTIONS, AND A RECORDER TA RECBRD PILOT RESPONSES AND 
ArkeR OeSIREC GLANTITIES, THE AIRCRAFT SIMULATED IS THE 


FercA JET FIGHTER. 


VALICATIAON BF Tke SIMULATSR INCICATES THAT THe DEVICE 'FLIES! 
LIXE THE Fe8CA> 


errr ere erererererer err eC eee eee Tee TERA OL 
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MEMANCE, Res AARMAN, Ce AND MATRENY, Ge 'AN EXPERIMENTAL PRO0 
GRAM FAR RELATING TRANSFER @F TRAINING TO PILOT PERFORMANCE AND 
NeGREE RE SIMLLATIO@N's NAVTRACEVCEN 138801 UeSe NAVAL TRAINING 
SF VICE CENTER, FART WASFINGTONs NEW YORKs JUNE 19650 


* ABSTRACT * 
THE RELATIGNSKIP BETWEEN THE DEGREE 8F SIMULATI®@N AND THE 
SeSLL TING TRANSFER 9F TRAINING FOR PILSTING TASKS IN FLIGHT 
SIMLLATS?S REPRESENTS AN AREA SF INVESTIGATION IN WHICH 
RELATIVE!Y FEw STLOIES FAVE BEEN CA8NDUCTED T6 DATE AND 
CANSFEGLE.TLY» FAR WHICH LITTLE EMPIRICAL DATA iS AVAILABLE> 
TRE Loser? (UNTveERSal OYGITaAl SFPERATIONAL FLIGHT TRAINER TOOL) 
FREVICES AS AFFESSTUAITY FAR PILAT TRAINING RESEARCH TO BE 
CANCLETE? IN weICh SPECIFIC MOCIFICATIONS BR REOUC™ 3NS IN THE 
CeGreeS “=F SIMULATIAN ARE INTREOECLUCED AS EXPERIMEN 
VARTSELES IN AN SRGANIZEC PRAGRAM BF STUDIES OF * “ANSFER OF 
TRAINING BF FILATING SKILLS ANO TECHKNICUESe 


INTTIAL 'NVESTIGATIANS AND A PILOT PERFORMANCE STUDY HAVE BEEN 
CANCLCTED “ITH RESPECT TE THE VS BF Tre UDeFr1 C@aMPUTER JN 
CONCUACTIAN WITh A REAL STIME INPLTeAUPLT CAPABILITY AND TO AN 
INSTRUMENTED Cey FIGHTER C8CKPIT. rhe RATIONALE, MeTHeDeLOGY 
as ®url Nc FBR a SeRIJes OF PILOT TRAINING Re Se ARCH STUDIES 
rave Pee’ CevelePeD IN CANUUNCTIBN WITr THe DeTERMINATION OF 
FF eCrty. “eats FOR USe OF ke LOeF yt, ;NCLUDING THe ReC@RDING 
ANC CeMPLTATION BF BBVECTIVE PERFORMANCE MEASURES, 


eR HEH OH TOPE PU RU SCERSSSES LETS ESTES ETA SESS ERR RAE SAREE YD 


CeVvFSeY, TK, AKC LeATHERNOBC, walls VIBRATI@N SIMULATOR STLOIES 
FAR tre DeVELBPMENT OF FASSENGER RIDE COMFORT CRITERIA, NASA 
TeeyegeSis 19756 


* ABSTRACT *# 
tke alreGRS CeSCRipe aN ExPent het UE TAKEN Te FINO THe TOTAL 
STSCAMFART ASSOCTATEO WiTk yveHICl_e VIBRATION, THe PREGRAM USes 
A ThRee 1 GReeeSF oF R fO8M VIBRATION SIMULATOR 18 DeTERMINE THe 
FF eCrs 4 MCET] -FREGUENCY AND MULTIeAXIS VIBRATIGN JNPUTS ON 
CeMPanr, the APPREACK 76 MULTI eFREQUENCY VIBRATION INCLUDES A 
ScPaPate CINSICERATION BF THe CISCOMFORT aSSBCIATED WITH EACH 
FReGlenCy 3R BAKO AF THe TAyAL SPECTRUM, AND a SUBSEQUENT 
eMPIRICaAL *ETGRTING BF Tke DISCOMFORT CAMPENENTS OF THESE FRE 
GLEACY BANDS weed TN RANDOM COMBINATIONS. THe RESULTS A IN 
tke FaRM BF eGlLalL DISCEMFERy CURVES THart SPECIFY THe DISC BRT 
FeSFANSe TO INCREASES IN ACCELERATION Level FOR EACH FREQUENCY 
INVESTIGATED, MORE IMPORTANTLY, THe RESULTS PROVIDE A MeTHED 
Fa® gCCysG the CygCeMF@Ry ass@ClatTeD WritH SePaRaTe FREQUENCIES 
r? Clyc a TOTAL TYPIFICATION OF THe DISCEMFORy OF A RANDOM SPEC, 
TRUM BF VIBRATIENS 


POEPVOVTOCEIICOCCCOCCCOCOCC ES CCE TTT ETT Te 
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CEMPSEY, TeKe AND LEATHERWBBD, VeDe VIBRATION SIMULATOR STUDIES 
FAP TRE CEVELSPMENT BF FASSENGER RIDE C@MFORT CRITERIAs NASA 
LANGLEY RESEARCk CENTER», HAMPTSN»s VAe NASA TM#X#3295s 19756 


* ABSTRACT * 
AN EXPERIMENT WAS UNDERTAKEN 18 FIND THE TOTAL DISCOMFART ASSOCe 
IATEC hITR VERICLE VIBRATION. A THREE DEGREES «GF <FREEDOM VIBRA® 
TIEN SIMULATOR haS USED TA DETERMINE THe EFFECTS BF MULTI .FRE. 
GLENCY aNC “ULTI-AXIS VIBRATION ON COMFORT, THE APPROACr 76 
MULTI QFREGLENCY VIBRATION INCLUCED A SEPARATE CANSIDERATION OF 
the CYSCAMFSRy acseCraTeO WITH EACH FReGUeNCY 6R BaND OF The 
TOTAL SFeCTRLM, AND A SLESEQUENT EMPIRICAL WEIGHTING OF THE DIS. 
cavFarRr C8MPBNEATS BF TheSe FREGLENCY BANDS WHEN IN VARI6BUS RAN 
Ce” CeMarNATIONS, THe RESULTS ARE IN Th FARM OF egual O;SCeM, 
FaRy CURveS Trkat SPECIFY Pe DISCOMFERy RESPONSE : INCReaSes yh 
aCCeLeRayION Level FOR cach FREGUENCY INVESTIGATED, THE RE 
sLLys PRAVIDE a MeyhOD Fer ADDING tHe CYSCOMFORy, ASSOCIATED Wyk 
SePaRate FReGLeNCIES TO GIVe a TOTAL PICTURE OF THe OISCOMFERY 
RF a RaXCO™ SFECTRUM BF VIBRATION, ce 


PPRERTEVOECLOSOCOCCOOCS ESAS CESS RSET TEE TEI ETT Ae ES 


CEREVYAKKOs As Ye, AND MYLIKINOC, VG. 'BIGLOGICAL EFFECTS OF 
GRAVITATIONAL ACCELERATION, TT 647412004 AUGe 1964 UeSe DEPTe 
CPF CRMMERCEs VCPRS 252 9296 


N@ APSTRACT GIVEN 
PPETIVITTLIIL TIT ter ee 2D 


CEVEREALXs T.Eg, GALLOWAY, R.Ter COSTELLO, Wed, AND DINEENs T,G, 
‘FLIGHT FIDELITY EVALUATION OF THE Aeym OPERATIONAL FLIGHT 
TRAINER (CeylCe 2F 408)12 NAVAL AIR TeSt CENTER, PATUXENT RiveRe 
REFSRT NSe NATCeSA@GR=76s FEBRVARY 1976< AD NGe B OOF BO8L 


* ABSTRACT # 
TKE Agcy BPERATIOANAL FLIGHT TRAINER, DEVICE ef e108» UNIT 4 WAS 
EVALUATED FER SIMULATION FIDELITY TO AwgM AIRPLANE FLYING 
GLALITIES ANC PERFORMANCE CHARACTERISTICS, THE EVALUATION 
TEAP CERDLCTec TESTS ANC PARTICIPATED IN DEVELOPMENT OF 
CEFICIENCY CORRECTIONS AT THe CONTRACTOR'S FACILITY AND THEN 
FaR+ICrPe7eD IN FINak ACCEPyANCE TESTING AND yALIDATION OF 
UNTT 4 AT MCAS, YUMA, ARIZONA, FLIGHT TEST TECHNIQUES WERE 
LTILIZeD IN Tre SIMULATOR TA ASSESS FLIGHT FIDELITY ANO ASSIST 
IN The ITERATIVE CEFICIENCY CORRECTION PROCESS. BASELINE DATA 
hee BETAINEC FROM PUBLISkED REPORTS AND FROM FLIGHT TESTS 
CBNEUC TED wITh SeyERAL AayM AIRPLANES, THE INITIAL TESTS 
ReVeALel SEVERAL SERIOUS CEeFICIENCIES, INCLUDING LATERAL AND 
LENE TTC TRAL FIL@7 INCUCED BSCILLATION TENDENCIES IN CLOSED 
LO5e TASKS, UNRePRESENTATI Ve STALL CHARACTERISTICS, INCORRECT 
CONTROL SYSTEM CHARACTERISTICS AND UNSaTISFACTORY MOTION AND 
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PLFFET CUESe TEST PILOTS AND FLIGHT TEST ENGINEERS FROM THE 
NAVAL AI® TEST CENTER ASSISTED TeKE CONTRACTSR (SEC6R) SVER AN 

2 MANTR PERISC IN CEVELBPING C8RRECTIBAS TS THESE DEFICIENCIES. 
AS A RESLLT BF THIS EFFORT» THE FLYING GUALITIES AND 
FERFARMAKCE CKARACTERISTICS OF CEVICE eFe108 ARE NOW 
REPROSEATATIVE 6F TRE AedM AIRPLANE WITH THE EXCEPTION SF TwO 
MEFICIENCIESs ANC CEVICE 2F e108 FLIGHT FIDELITY IS SATISFACTORY 
FAR esPeRaTIANAL USE IN THE TRAINING 6F aegM FLIGHT CHARACTERISe 
TICS, @NE PART TI CEFICIENCY, LACK 6F LATERAL CG SHIFT DUE Te 
FLEL SL@Sr, SFSLLE BE CA@RRECTED AS SAB8X AS PRACTICALe G6NE 

FaS7 Ji] CEFICIENCY, LACK OF FICELITY SF CG PASITIOBN IN 

SEVICE EFe108 TE THE A=4™ ATRPLAKE wITh ECP 1120 INCEGRPBRATED, 
SFALLO Be CORRECTED IF FEASTBLE AND AVBIDED IN FUTURE DESIGNS. 
TRE LSAGTTLOINAL AND LATERAL CONTREL SYSTEM MECRANICAL 
CHARACTERISTICS CaTaA FOR THe A#4M ATRPLaNE PRESENTED IN THIS 
ReParky SHBLLC Be UTILIZED AS REFERENCE VALUES T@ AUGMENT 
EXISTING STANCARCIZED TEST PRECEDURES FAR DEVICE 2F e108 CANTRAL 
SYSTEM ALIGHNMEATe 


HERR E HHH EEK 


CrThGANS, wes KELCe Rese YOUNG, LeRe ANC BRANDTs Tele 
MAVIKG yvISLAL SCENES INFLUENCE The APPARENT OYRECTION GF GRave 


ITYs “NSCIENEEY 179% 1217 = 4215 1972¢ 
* ABSTRACT % 
aFeN aN BESERVER yiewS a WIDeeANGLeD DysPLay ROTATING ARBUND 
hrS LiNe 8F SIGHT, Ke BOTH FEELS KIS BADY TILTED AND SEES A E 


VERTICAL STRAIGHT €DGE TILTEL SPPeSIite T&S THe M6VING STIMULUS 
PESFLACEMENT OF ThE PERCEIVED VERTICAL INCREASES WITH STIMULUS 
Sfeel TS ReACh A MAXIMUM (AVERAGING 15 DEGREES) AT 30 DEGREES 
Fe& seCanle 


TREC PERSP ERE EPC SCTOOCC SCL O LSS ESE PERRET RSS SPORE RCA ESS REESE RARE SARS STS 


CyCka,N Mv NO pRaANC H B8PTEKIN 

TERG,NS A RB Fe eet KINET 
ane Pe-Ute_Cedyalys E Fects iNOCCeD Y MO8vI 
ACTA STGLASYNG 76 (1973) 339°348s 


IC MOTION SICKNESS 
NG vySUal STIMULyy, 


# ABSTRACT * 
PSELOS.CARIGLIS eEFFeCTS (PCe) AND SPTOKINETIC METION SICKNESS 
AFe eLICrTED BY BeNDING Tee HEAD BUT OF THE AXIS GF ROTATION OF 
a CIFCLLAR vrslal SURRELNO Whe THaT MBVING SURROUND INDUCES THE 
[LLUSTAN OF SELFAROTATION, WIT ReSPECy TS TILT SENSATION AND 
VeGeTaATIVeE SYMPTOMS, BPTOKINETIC PCe CARRESPEND TO VESTIBULAR: 
CB8FTALIS EFFECTS (Ce) TRAT ARISE FROM SyMILAR FREAD MOVEMENTS 
iWhEN Thee BSDY 1S ACTUALLY ROTATING, GUANTITATIVELY, PCE ARE OF 
shales MAGNITUDE ThAN Ce AND SATURATE aT LAKES VELOCITIES OF 
frIMLLatrON (go412C DEGREES PER SeCAND), PCE we i ON THE 
ILLLS6RY SENSATION BF SELF eRETATIAN (CLRCULARVE TI6N, CV), SHARE 
IrS PRILANGEC TIME COLRSE AF TES STIMULUS @NSeT ANDO TERMINATIBN, 
tyS RebarI6N 78 SpIMULUS VELOCITIES AND ITS DEPENDENCY ON STIMUe , 
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LUS AREA WITh PREDOMINANCE OF ThE RETINAL PERIPHERY, OF TOR INE TIC 
INFLUENCES ON veSTIBULAR Ce oe ae 6N tHe DIRECTION a~ND SPEED OF 
THE MOVING VISLAL STIMULUS g~ND ResULT JIN EITHER INHIBITION OR 
FaCILITATION BF APPARENT TILT AND NAUSEA, 


TOwREEP EPEC ELS LCC SECS SEER PES EES EASES STEERER EEE RRS ESP EEE ES 


DTerL, A,Ee AND RYAN, Loee CURRENT SIMULATOR SUBSTI TYTION 
PRACTICES IN FLIghy TRAINING, «TRAINING ANALYSIS ANC evyALUATION 
ERALE RFTe! 43 FEB 19776 


* ABSTRACT # 
MOTTON SYSTEM COMPARISONS . THE ResULys SHOWN JN yaBLe 43 OF 
TKIS geFSRT TeNc 78 INDICATE THAT DEVICES WHICR EMPLEYED HIGH 
pitetiry MOTTON PLaTFORMS a HI EVED MORE grr ecriye SYLLaBUS 
ReDUC TON THAN 7HOSc OeviCes WAICH DID NOy EMPLOY SUCH SYSTEMS, 
MeDran s¥Lbaby k DUET TENS eRe we PeRCeNT FBR MOTION EQUIPPED 
CeviCes aS CAMPa~R-D 76 PeRCeNy FOR VICES WHICH LaCKeD 
E E 16 E E E 
“OTION, ThE FLichy SUBSTITUTION Ray Ibs 100 ANC 1,2 alS® IMPLY 
SUFER ORY TY BF METIAN ECUIF PED DeviCes, However, PeRS@NAL 
CeMPUNICaTION WIth THe al THARS Ebel THatT SOME CAUTIBN 
reairie Rucubys LURANDE THe BEyIEN StaveneoWay" Mave BEEN 
PRECUCEE BY Tee GReaTeR INTEREST AND cFFOBRT EXPENDED 6N THe 
wake cérelex aN exPeNSive Oevices, 8R INSTaNCE, SOME 
s1’EL,78R wha NING PROGR,PS weRe eg Vey Ths tRUC TONAL 
SySqemS CeSIGN (1S) aNC COmPaReC 76 OyHeERS THAT WERE NOT UNDER 
IST MANAGEMENT? 


POC PEP PCC RECS ECE CEC ESS SSE ESS EESTI ET TET STP TT PETES TET 


CrELDaNNEs UeEos PARR Sks R,v, AND BARDUSCHs RyEo 

ah ACpUATOR EXTENSION TRANSFORMATION FOR A MOTION SIMULATOR AND 
AN INyeERSE TRANSFERPMATIEN APPLYING NEWTENeRAPHSON1S METHED, NASA 
‘TECHNICAL NOTEt TNeD@7¢67s NOVEMBER 19726 


* ABSTRACT # 
A Set 8F EGYATIONS WHICr TRaNSFORM PBS;TIEN AND ANGULAR 
SRIENTATION OF THE CeENTROID OF TUE PAYL6AD PLATFORM 6F THE 
Phe taal Fadl | 8 MOTION SIMULATBR AT THe LANGLEY RESEARCH 


CeNteR INTS ExTeNSIONS BF THe SIMULATORS ACTUATORS HAS BEEN 
CeRrvem ANC 1g BAsec ON A GeeMETRyCAL REPRESENTAT JON OF THE 
SYStew, AN ITERATIyE SCHEME « NEWTANSRAPHSON1S POSITIGN AND 


ANCLLAR ORIENTATION OF TRE CeENTROBID BF THE PAYL@AD PLATFERM 
wheN Tee MAGNITLCE BF ThE ACTUATBR EXTENSIONS IS KNOWN, 
SUFFICIENT ACCURACY IS OBTAINED BY USING ONLY ONE NEWTONS 
RAPFSON ITERATION PER INTEGRATION STEP BF THE REAL ~TIME 


ENVIRGNMENTS 


POE PUPECTESLISCECCOS SSCS EEA TERT ET TRAP Phe 


507 








— 








NAVTRAEQGUIPCEN IH-298 


DRS IE, TeGe MBTIBN SICKNESS DURING FLYING TRAININGe 'AGARD 
CANFERE NCE PRACEECDINGS! SERIES NBe 2s SEPTe 19659 PPe 23326 


* ABSTRACT * 
AYER TRE YEARS, MATION SICKNESS HAS CBKTINUED TO PRESENT A 
ERABLEY CURING FLYING TRAININGe MANY STUDENT AJRCREW HAVE BEEN 
ReMeVel FROM TRAINING, FARTICULARLY AT THE BASIC STAGE, 
PreCalsr AF TRIS CSNDITI8Ne MANY OTHERS, WHOSE TRAINING HAS 
REEA baLTEC BeCaLSE OF a FAYLURE T8 MAKE PROGRESS IN THE AIR, 
have FAC MATION SICKNESS AS AN IMPARTANT UNDERLYING FACTBRe 
APART FROM THESE FAILURESs KA@WEVERs A SIGNIFICANT NUMBER 6F 
CTLDEATS EXPERIENCE AIRSICKNESS TA SUCK A DEGREE AS TO@ ALTER 
THE PatTeRN BF TKEIR TRAININGe AT BEST, THE INSTRUCTOR KAS TB 
STSF “anelVERS JNCUCING SICKNESS, WITH A CA8NSEQUENT REDUCTIAN 


-TA TRAINING EFFECTIVENESS 8N THAT SORTIE AND AT WORST HE HAS TB 


APANDB\ TRE SARTIEe IT wAS THIS WASTAGE @F FLYING TRAINING 
TIME WeYCk PReMPTED TRIS STUDYs IN THe FIRST PLACE, TO SEE JF 
TT waS PSSSIBLE TO ASSESS AN INCIVIOUAL'S SUSCEPTIBILITY TE 
MATIAN S]CKNESS AND SECSNOLY 78 TRY Th REDUCE THE INCIOENCE 6F 
TH: Ceti CyTISN eY SOME FORM BF GROUND veSTIBULAR EXERCISE. 


Ty Sees LIKELY, hOhEVER, THAT PRISR SELECTION OBES NOT HELD 
ALT MUCK FSPeE as A MEANS BF avSIDING Tee WASTAGE BF FLYING 
TRAINING TIME Clg TE MBTISN SICKNESSe IT IS FELT THAT ANY 
SUCCESS WRICK MyGhT Be FORTHCOMING, Lies ALONG THE PATH GF 
INDLCei aCCLIMATISATION BeF@RE AND IN THE EARLY STAGES OF 
FLYING TRAINING, AT A TIME WHEN THe COST OF FLYING HOURS IS 
vERY FIGH INCgeC, EVERY EFFORT SFAULD Be MADE TO REDUCE THE 
TACTCeh Ce SF TRIS WASTEFUL ASPECT GF FLYING TRAINING, 


errr rrr rrrrrrrrrrr rer err rereser ee eS SSP ALES ERASE SESE RR DS Dd 


Delezal, ke ANC KeELC, Ro, "TWO COMPONENTS GBF yISUALLY=JNDUCED 
troy CURING ROTARY FIELC MO87IGNt, ABSTRACT OF PAPER PRESENTED «AT 
Ee PeA. MEETING, NEW YORK, Ny, APRIL 1975¢ 


‘NA ABSTRACT YET 
POOP UCEPCTEOLSSCCCCOCOCOCCOS PE ee Re RSET RTT TR PPP PA 


peLKAS, CoS. ANC STEKAPT, J.D. ‘EFFECT OF COMBINED LINEAR AND 
ASCTLL TARY ACCELERATION BN PILOT ATTITUDESCONTROL CAPABILITIES" 
NASA ‘TheD"2710% 1965¢ 


* ABSTRACT # 
Data ate PReseht_el 78 SKEW THE Errects AF SUPERIMPESING 
VITRATION AT 14 CyCleS FeR SeC8ND SN SteaDY LINEAR ACCELERATION 
AN othe TRACKING a~BILITY 8F a HUMAN geht IN A STABILITY AND ‘y 
RAT AURNENTEL VERICLE WITH DYNAMICS TYPICAL OF _A LARGE HIGH 
qeRESy ReCkeT, The LINEAR ACCELERATIEGN RANGED FROM 1 TO 365 G 
AND Tye SSCILLATBHRY STRESSES VARIED FROM oO TB + SR = 300 G AT 
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cP A RANDSMeAPPEARING CeMPENSATORY TRACKING PReBL_eM WW 
PPeSeRt C T8 The SILeg i TH PITCH PLANE, AU THOUGH THE PILOS 
CANT abceo Bark FyTChK AND Ya NO ATTEMPT WAS Hae IN TRIS 
SqLCY pO SIMUL ape aDDITIONaAlL FILO, paSRS SUCH aS MBN] TORING 

aF CRy71Cal LaUner VeEHICLe aND SPaCeCRaFr PeRFARMANCe AND 
Srarls CySFLaYS wrICH WOULD Be ReQUrReD IN THe Real SITUATION, 
VaRTALS DAMPER FayLURe SITUATIONS Bere INVESTIGATED AND CeRyAIN 
CHaRaCyeRISTICS Ole 75 abyOPrbOy NONLINEARITIES WeRe SpUCTED, 
EFFeCyS ON The TRACKING EFFICIENCY BF OyVIOING Ae PILOTS 
ATTENTION PETHEEN PyTCH aND Ya CHaNNebs WERE als® EXAMyNeD, 


PO OSE PUE TES SESS ECC OSES OSC SESE EC PREC CECE ECE TTA PT Th oD 


CelGkeRTY, D,, KAUSTBN, RC, AND NICKLas, D.R, TRANSFER OF 
TRAINING IN FLYGHy PRECEDURES FREM seleCTED GReEUND RAINING De. 
VICES TA ThE AIRCRAFT+ NAVTRADEVCEN TRe71*16=16% 19576 


* ABSTRACT # 
THIS STUDY WAS CESIGNED 78 pRAVIDE me BASIS FOR DeCySr1e6Ns 
CANCERNING TKe Relative TRAINING EFFECTIVENESS 6F A NUMBER OF 
TRAINING TO6LS FER TRE TASK OF TRAINING PILOA@TS IN N@RMaL aND 
gue Ree sty PRO@CECLRES IN New AIRCRAFT, JN THIS STUDY A PrOTE. 
SRAF RIC MOCKUP BF THe COCKPIT, A PARTLY ACTIVATED TRAINER, AN 
AIRCRa~Fy FLIGky SIMLLATAR AND The COMBINATION OF A PART TASK 
(PRECEDURES TRaIheR) ANC TIMe SHARED TRACKING TASK WeRE USED ON 
EGU IVALENT GROUPS. 


te abl FALR Me yh4Dg PReVyOe0 GeeD LeaRNING Sy;TUATIONS, 


z=, The GROUFS ;RaINcD BN PRACEDURES TRAINERS AND THe FLIGHT 
SiMLLATSR SHOkED The HIGHEST DeGRee SF TRANSFER 16 The FIRST 
ATR TRIAL, NeItHeR MeTROD Was SUBERIOR IN THIS ReSpeCt, IN 
FaCy tHeSe GRELUPS PERFORMED AS WeLL AS THe GROUP WHICH 
PRACTICED IN The AIRCRAFT FOR Flve TRIALS, 


a. The PROTO MOCKeUP PROVIDED THe BEST LEARNING SITUATION AS 
MEASURED BY PERFORMANCE IN THE GROUND STTUATION. 


he BY THE THIRC aIR TRIAL NO CIFFERENCES COULD BE BBSERyES as 
A Feslly OF TRAINING WI7h THe CIFFERENT METHODS, 

Be rhe GROLF TrAT ogee PROCEDURES WHILE PRACTICING The 
TRACKING TASK HAD The MOST DIFFICULTY LEARNING, “TRANSFER T@ 
THe AIRCRAFT WAS NOT GUITE AS FIGH AS PRACTICE IN The PROCEDURE 
TRAINER ALONE, 


ge IN SUMMARY, NORMAL ANC EMERGENCY pR@CEDURES CAN BE TAUGHT 


TRANSITIONING PILSTS IN A VARIETY OF_WAYS, FOR PRACTICAL 
FURFASES CIFFeReNCeS IM PERFORMANCE DISAPPEAR AFTER THe FIRST 


ATF TRIALS 


POE TUTTE CTUECIOCOCOCCOCCCCOR LACIE CRE ETS T TTT TT SO 
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CELVILLIERs UeGes uRe AND C@ATEs ReEo THE COBRDINATE*TRANSF OR] 
MATISN EGLATIBNS FOR A FILATED FLIGHT SIMULATOR WITH SEVERAL DEe 
CREES 8F FREEC6M. NATIONAL AERONAUTICS AND SPACE AOMINISTRATIOBN 
WASRIAGTANs CeCes NASA TECHNICAL NOTE D#1150e JANUARY 1962s 24 
FFe AC 27C O86 


* ABSTRACT * 
. METRSC FAR CEVELAPING COBRDINATEe TRANSFORMATION EQUATIONS 
FRE a MULTIPLE-CEGREE@8FeFREEDOM FLIGHT SIMULATER IS PRESENTED. 
TRE EGLATIFNS ARE APPLICABLE IN PARTICULAR TO A FIVE DEGREE -6F = 
FREEDeM FILATEC FLIGHT SIMULATSRe IN GENERAL, HOWEVER, THE 
MeThSC SF THEIR CEVELOPrMENT IS APPLICABLE TO6 TRANSFORMATION 
eGlaTsAns FAR ATkER, SIMILAR SIMULATORS BF FEWER BR BF MORE 
CeGsees aF FREECOM. BECAUSE THE NASA SIMULATOR HAS A VERY 
LIMITEC RANGE BF CISPLACEMENT IN BNE OF ITS MOCES OF MOTIEBN, 
TRE EGLATIONS ARE hRITTEN FOR FOLR DEGREES BF FREEDEMe 
cexAwINATIS! BE THE SINGULARITIES OF THE EQUATIONS S6WED IT 
FaSSTeLe TS RePRECUCE ANY COMBINATION BF FOUR GF THe SIx 
CAMEANENTS OF MATION, THREE ANGLLAR AND THREE LINEAR, OF THE 
vePICLe BEING StMLLATED, IN MOST CaSeES THERE 1S MORE THAN 
Ke waY 76 SIMULATE EACH COMBINATION, he MOST CESIRABLE WAY 
PeTERMINEC BY The RESTRICTIONS IMPOSED BY THe SINGULARITIES OF 
TRE EGLATIANS. 


TUTE TEPC PECTS CCC OC CCC LOCC CCRC EL ET TCR SPE TL OD 


CaAlyILLIER, ©,G,, TURNER, H,L,, MCLEAN, yD, ANC hEINLE, DR, 
1 FFeCTS OF PL IGHY SIMULATOR MOy7ION BF PILOTS rERFERM ANCE QF 
TRACKING TASKSI, NATIONAL p~ERONaAUTICS aND SPaCe ADMINISTRATION, 


NASA TNeD"1435 196Ce 


* ABSTRACT * 
rh? PILers FLYING a9 att kg eh ATTACKS IN EITHER F 86 AIRCRAFT 
aR sa Sa WTR Bo ocH aND ROLL CUcS, BR SaMe SIMULATOR 
STATIC, -SULrs FROM DyNaMyC SJMULATION MORE ei ie ReSeMal_ed 
TH°S, AF FEicky thaN DIC ReSULTS FROM SyATIC, ALTHOUGH FLIGHT 
Pe TFBRM ANCE 1s GeNeRALLy Less PRECISE AND MORE VARIABLE THAN 
TRAY yX DYNAMIC C@CKPyT, 


POUPT OR TTEECOCTCOC COOTER CELT Ph hhh ee D 


Cael, Pede a CRLTICalL a~SSESSMENT BF GRAUNDWw~ByseO DevyiCes Far 
SPattal SRieNzaTION TRAINING, 1#SCHOOL OF AEROSPACE MEDICINED, 
PR°AKS AFB, TEXAS, REPORT SAMeTRe73"23, AD@764 740s AUG 19736 


* ABSTRACT * 
CAYFaRISONS aRe “ade BF Set CreO SRIENTATION TRAINING DevICes 
IN FecatrO8\ T6 U.S. AIR F Ree FLIGHT TRAINING IN THE Ts38 
ATS ELAN ASSESSMENT CaTeGORIES AREY MOTION coeett RS, 
TLLUSTORS Thay cACk DeviICe CAN GeNcRATE, TYPE OF INSTRUMENS 
TATIAN AVAILABLE 76 THE PILOTSSUBYECT IN RELATION TO ATTITUDE 
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REACTIA@N CAPABILITY PROVIDED IN EACH DevICeE FAR ThE SUBJECT T4 
REC@vER BR CARRECT KIS ATTITUDE, CAPABILITY T@ MEASURE AND 
EVALLATE Tee SLAVECT'S FERFERMANCeE JN COPING with DyjSORIENTING 
MavelyeRg, INVELNERABILITY 78 “EATHER, SAFETY, AND INITIAL AND 
BE-RariINg C8S7S, pee USaFSa~M SParial SRIENTATION TRAINER (S87) 
Fa? exCels ALL ArheER GREUND BASED DeviICes FOR BOTH THE YSE AND 
Necl 6F , SOTeTYPE TRaINheR aRe CrscusseC. (AUTHER) 


‘wR eee Te eee PPP CPCS PTC LCS ESET CCAS ETS STC CPC PPR TPS PPP PSR PST ST TS SF 


TASGET TRACKING TASKS AS A FUNCTIBN OF CONTROL TYPE, TASK teas 
TNS aND VIPRayren, 'MCCONNeLL DBUGLAS ASTRONAUTICS COMPANY , 
EAST RePBRT MOC 64743, PReBARED FAR ENGINEERING PSYCHOLOGY PRE. 
GRaMS, SFFICeE 6F NAVAL RESEARCH, WASHINGTON, 0.Coy 4 AUG 1977, 


* ABSTRACT # 
AN [NycSTICATION WAS CONDUCTED BN THE Use OF FINGERTIP TRACKING 
Ca\yReers WRICr weRe INTEGRAyEO INT8 AN AIRCRaPyT THROTTLE GRIP 
LATER | yFFERENT REyELS GF taSkK LOaD NG aND vIBRATIEN, ire 
ex eR Ten TAL VARTACLES INCLUDED TwS TYPeS GF CONTRBL (FORCE AND 
CrSelaceweNT), ThO LEVELS S8¢ TASK LOADING (LB, AND HIGH) AND 
FelR Liye lS BF yIBRaTIEGN (SraTIC, MODERATE AND HEAVY TURBULENCE 
anh BR 4BBANC) , The LOn Task LOACING CONDI TEN ReQuyrReD yee 
FrLars SNLY 78 zyRaCK yHe CisPLAYeD FARGeTS BR TE FLY THE 
S]"LLateD aLRCRaFy, WHILE THe HIGH rASk LOADING CANDITIBN 
PeGlIR,& SIMUL aNe8US raRGey TRACKING aND AIRCRAFT atTITUDe aNd 
ATFs CONTRSL, tHe VIBRatIONS wWeRe RaNDOM veRTICAl 
aCCeLe=arIONs BF o611 FR 0635 GRMS aMPL TUDE achess THE 
Cele2o FZ FRECUEN Y RANGE THE MOCERATE TURBULENCE CONDI TIeN 
WAS 0,11 GRMS IR. MaAGNITLUG WIT? A vIBRayIONal RESPONSE WHICH 
PEAKED AT cee FZ, ThE hEAVY TURBULENCE CONDITION WAS SIMILAR 
EXCEPT IT FAD A ao35 GRwS INTENSITY« ThE BREACBAND SPECTRA 
ALS§ BAC A 0635 ERés INTENSITY BLT WiTk EQUAL RESPEBNSE ACROSS 
TRE FReEGUENCY RANGE. In THe EVALUATI9n 46 PILeTS PERFRARMED THe 
TAPGET TRACKING ANC AIRCRAFT CONTROL TASKS IN A MOTIGN BASE 
SIMLLATOBR, The DePENDENT MEASURES WERE PITCH, ROLL AND AIR, 
Spree oasis FAR Tke AIRCRAFT CONTROL TASKS AND ACQUISITION TIME 
aN eRRER, BveERSKOBTS BEFERE ACGLISITIGN, PERCENT TIME ON 
TARGET ANC XeY TRACKING ERRBR FOR THE TARGET TRACKING TASKS, 


AF Th CeFeNCeNT vARIABLES, SIGNIFICANT DIFFERENCES BeTheEEN 
Tre can Seur Pes weRE BBTATNES FER BNLY TW6 MEASURES, TIME CONe 
TARGET ANC AIR.«SPEED SCBRES, The FORCE CONTROL PROyIDED 
STENTFICANTLY BeTTER TRACKING PERFORMANCE THAN THE DISPLACEMENT 
CASTROL aS INCICATEO BY THe PERCENT TIME-ONeTARGET SCORES, 
SIGNIFICANTLY LShweR AIRSPEED ERRORS WERE FOUND WHEN TARGET 
TRACKING WITR The DISPLACEMENT CONTROL RATHER THAN ThE FORCE 
CAN?REL, THe KIGk TASK LOADING CONDITION SIGNIFICANTLY 
CeCReased PILST FeRFORMANCE IN ThE TARGET TRACKING AND AIRCRAFT 
CBN rRAL TASKS weeN COMPARED TE The LOW TASK LBADING CONDITIONS, 
THE KIGk AMPLITLDE (6435 GRMS) VIBRATI6N CONDITIONS (HEAVY 
TURRLLERCE ANC BROADBANC) SIGNIFICANTLY IMPAIRED PILOT 
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FESFARMANCEs BLY CIC N@T INTERACT WITH TASK LBADING BR CBANTROL 
TYFE. FEAVY AND SREACBANC VIBRATIAN DID N8T SIGNIFICANTLY 
PyFFCR IN THEIR EFFECTS BN PILOT PERFA@RMANCEe THESE FINDINGS 
SLGEEST TRATI(1) VERY Law FREQUENCY VIERATION (<1¢0 HZ) CAN 
STSNIFICANTLY AFFECT PERFGRMANCE AS A FUNCTION BF INTENSITY 
LEVEL; (é@) CISSIMILAR VIBRATISN SPECTRA MAY YIELD SIMILAR 
FEFECTS PEFENCIAG UPON VIBRATIYN INTENSITY AND HUMAN TOLERANCE 
TS THE SPECTRAL FREGLENCY CeMPSAENTSs (3) NO CONSISTENT BVERALL 
FERESRMANCE CIFFEREACES WERE FOUND TO FAVOR EITHER CONTROL 
TYPE AND (4) VIBRATIAN DIO NOT INTERACT WITH CONTROL TYPE @R 
TASK LBADING> 


err rrerrrccrrrrrerrerrrrrecrtrrerererecreseeeleler eee eee ee Te eee et 2) 


CUNLAR, CeSe ANC ANCERSONs Fee AIR FSRCE MASTER PLAN = SIMULA® 
TERS FAR AIRCREW TRAININGe AFSC/XRLAs ANDREWS AFB, MO. REPORT 
Nf&e@ ASD/XR 74-225 YUNE 1974.6 


* ABSTRACT * 
tke APPLICATISN SF SIMULATORS FER arRCReEw TRAINING [N THE 
Us TteC STATES AIR FORCE IS aDORESSED. MAJSBR BPERATING CEMMANDS 
FesgyyCeC CURRENT AND PRegeCreD ReGlyReMeNTs FeR AIRCREW 
TRAINING SIMLLATARS FOR JNCARPGRATION INTE FORMAL TRAINING 
FRAGRaAMS TOGETHER WITH ESTIMATES OF TherR IMPACT SN FLIGHT 
TRAINING, A SIMLLATOR TECHNELOGY GvERvIEW IS PRByIDED AND a 
TeCENSLAGY RegeaRCk PROGRAM Ig PROPOSE C TB SUPPBRT FUTURE 
ACQLSISITYIONS, ESTIMATES 6F PROGRaM COSTS Are MADE AND THe 
MAGRITUCe SF FETENTIAL CIRECT SPERATING COSTS AND FUeL SAyINGS 
ASe PReSeNTeD FAR EACH OF THe ACCUISITISN PROGRAMS, 
INSPITUTPSNAL aX MaNAGeMENT PREELEMS aRe ALS@ ADDRESSED, 


METIAN SECTIAN 


fee ePLReASe SF ~ wG7ION S¥S7remM IS 78 IMPART STIMULT OR CueS 76 
Tre TRAINEE WeICK CORRESPOND 78 THe CUes wHICrh wSULD 3 
Fe’CerveD BY tke KLUMAN SENSING MECHANISMS DUe 76 THe MOTION OF 
fe AISCRAFT, [IN aDDITION 7O MOTIAN, SHER FARCE AND VIBRATION 
PRACLCING SYSTEMS have SEEN DeVeLePeO 78 PRODUCE SeNSATIGNS OF 
SUFFer ANC SUSTAINED 5 Fé CeS, IN GENERAL, THe THRUST 6F 
PeVeELSPMeNT FAS Peed AlMED aT CLPLICATING THe FORCES WHICH AN 
ACTUAL aTRCRaAFr JK FLIGRy weULC IMPaRy 7O THe PILST, THIS 
CyPeCyrON SF CeveLePMeENT has PREGRESSEC FROM The TWO DEGREES OF 
Peegcer (PITCR aANO ROLL) BF THE LINK TRAINER TE The SIX DEGREE 
aF Fee-Cah SY¥steMs USED TADAY Far THe “8ST MODERN SIMULATORS, 


tke MS7TAN ANC FARCE SYSTEMS, AT LEAST TWH APPROBAChES 78 
FeVETNING HARCWaRe CaPAEIL] IBS wiITH SOFTWARE 76 PRODUCE THe 
Ne Saeco EFFECTS Ave De vELOPE +» @Ne, AND THE MEST WIDELY USED 
SAF pwAREe APPROACH, UTILIZES A pp TA SHAPE GN-SET FORCE CUES 
AND wASPOLT PROFILES, THE LATTER ARE REQUIRED TE RESTORE THE 
PeSty pS BF the PLATFORM aFreR AN INITIAL DISPLACEMENT TS 
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PREVENT EXCEECIN? TRE LIMITS BF TRAVEL BF THE MOTIEN SYSTEM AND 
1S ACC3MPLISkKEC ay a SUBLIMyN aL Rates THIS APPROACH TENCS 76 
MINimMyZe SAF TWARE CAMPLEXITY, SLT LIMITS TO SOME EXTENT 
LTILTZaTION SF ree FULL KINEMATIC CAPABILITY BF THe SYSTEM, 

THE seCanC aFFR@aCh aTTE”PTs TA DUPLICate THe aCCeLeRaTIEN oF 
TRE AIRCRAFT INSOFAR AS ies alg AND UryLIZeES cca 
KTNeMarT CAP aByqy S 6F THe “BTION SYSTEM; ASHEBUT ILes 
abe ak evT Tacs grea TED AND, THUS, rhe SOFTWARE REQUIREME TS 
AFe LavGeR 8Y an SADR 8F MaGNITLUOe FRaM ress 6F THe FARMER 
MeTRAD, The aSLPy PROGRAM WILL UrILIZe THe MBRe SOPHISTICATED 
TECENT Le TE INVESTIGATE THe RELATIVE MERITS OF IT VERSUS THe 
LeS€¢ C MPLEX aPPReACH TE MOTION SOFTWARE, 


hhILe the MOTION SYSTEM yTSeLF IS CaPaBLe BF PROVIDING FoeRC 
AK SET cEes, dist a Thee réRce ui ARE PROVIDED By Gisears E 
CoSLi7o, SEAT Belts, ETC., TO PROVIDE PRESSURES ON THE Beby 
SrMrbka! 76 Tr6Se EXPE IeNCeDd 1% Tee AIR, ReSeaRCh EFFORTS HAVE 
Been CenDbCteC BY The AF RRL TO EXAMINE MATHENATI abl Y THE 

KLM aN FQeRCe ant Mery 6N SENSING pecaria"s ARTICULARLY THOSE 
aSSACrarel Wik zeke INNER caR, KUSCULAR sUppery FOR THe HEAD 
ahO pgly ¢x7R “ITIES ANE BSDy pReSSUR S, THIS RESEARCH TENDS 
78 sk@. FE 1Kxe eae IS aA LESS cL TABLE SENSING MECHANISM THAN 
thee MUSCLLAR gLPFERy ~NC 380Y PRessURe seNSING MECHANISMS, 

uP ibe Less Rel TABLE Tre EAR a ee : 
VFA Ny IN fF \es F U I P Ce OF 
leg tran utg, "5 cee SBese atta BY Te EVE FROM™ A 
v1SC ab CySFlLay, Cav PREOCUCe NaUSeaA IN THe EXPERI ENS ES PILOT 
CakCryrrpOh_> 798 CHMEyNaTyONS OF . eee sTIMUL;. THEIR ABSENCE 
tN a SYMU a CALLC a~lc@ Lead 7 A egal agg GE an IN THe Real 
ATR SyrlatlON FAR a UPT STUBENT CANDI7rANcD BY LESS COMPL TE 
CAMB INAT IONS @F MATYON CUcS, ADC] TIONAL Re Se aRCH IS NeCe SSaRY 
TS CANFIFM The ANALYTICAL ReSULTS TH HeLP GUID_e FUTURE 
SIMLLATOR CeyeLBPMeENT, UPON Seal gp 6F TH DEVELOFMENT AND 
Te St SF yhe ASLET whICH -NCOMPASSES MOTION ANS FORCE SIMULATIEBN 
TEPBUGE a COMBINATION OF A SIx OeGRee OF FREEDOM SYNERGISTIC 
(4-F9ST) MOTION SySTem ANC A GeSEAT, Tre MOTION AND FBRCE 
Re SEARCk WILL pe COATINLEC, T9 DATE, yERY LITTLE RESEARCH KAS 
SeeN CevATeD 76 ALTERNATIVE METHODS OF INDUCING MOTION Cucs 
AthkeR TRAN Tee DUPLICATIVE APPROACH CESCRIBED ABBvEs 

SeSeaRCh IS NeCeSSARY TO BETTER UNDERSTAND The HUMAN IN TERMS 
SF k8w ke SENSES FORCE AND mBTIGN AND TO DEVELOP, IF POSSIBLE, 
ARTIFICIAL BEANS FOR TIMuc at ING THESE age te MECHANTSHS 
ecbaLLY YMFARrANy IS THe STUDY SF THe SYNERGISTIC EFFECTS GF 
CAMBINING FORCE AND MOTION CUS WITH yISUAL SYSTEMS, THE 

CR9SS COUPLING 9F SIGHT SENS {NG AND MOTy6N SENSING IS NOT Well 
LNCeRsyesC ANC 1S CRUCIAL TA THe DETERMINATION BF WheRE AND 
heeN aNC FBwW MUCH MOTION AND FORCE PROBCUCING APPARATUS IS 
NeCeSSARY T8 Meet SPECIFIC TRAINING NEEDS, 


THE ApSBSPACE MEDICAL RESEARCH LABBRATBRY (AMRL) IS UNIQUELY 
GLALTFIe> TY INVESTIGATE THe PHYSISLOGICAL PHENOMENA ASSBC TIATED 
WITH CANFLICTING SENSORY CUcs, RESEARCH IS PROPOSED TO 
GUANTIFY Tee EFFECTS BF MATIBN AND CONFLICTING VISUAL CUES TO 
PeTeRMINe THe PAUNCARTES IMP9SeED BY LimrTeED MATION SYSTEMS T6 
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CRTATE TRE ILLUST@N OF FLIGHT WITH REAL DISORIENTATIEN AS 
SPPASED TH UNCESTIRABLE CISORIENTATIONe 


PPS PO PEPPER ES ERE REPRESSES ESE SSCP RAS E RRR RE RE EER REE EE TPS SEE 


SENLAPs DCeSe ANC WORTHEYs ReFeo 
A]® FakCE MASTER PLAN SIMLLATORS FER AIRCREW TRAINING, ASD/XR 
TR 75225 ANDREWS AFBs MARYLANDs SEPTEMBER 1975 


* ABSTRACT * 
TRE APPLICATIAN AF SIMULATSRS FOR aTRCREW TRAINING IN The 
LSTTEC STATES ATR FARCE TS a~DDRESSEDe MAJOR BPERATING COMMANDS 
Frevrocl CLRREAT aNC PReyeCreD REQUYREMENTS FeR AYRCREW 
TRAINING SIMULATORS FBR INCBRPSRATION INTE FERMAL TRAINING 
FRACRaMS TSGETHER WITH ESTIMATES OF THEIR IMPACT BN FLIGHT 
TRATNINGe. A SIMULATSR TECHNSLEGY BVERVIEW IS PROVIDED AND A 
TETENSLSGY RESEARCH PROGRAM IS FREPBSED TA SUPPBRT FUTURE 
ACSLISTTIONSe ESTIMATES 8F PROGRAM COSTS ARE MADE AND THe 
MAGRT7UCE IF POTENTIAL CIRecT S9PERATING COSTS AND FUEL SAVINGS 
Ake PReSeNTEO FAR EACH BF THe ACQUISITION PROGRAMS, 
INEPT PUTIONAL AKC MaNAGeMENy PROBLEMS ARE ALSO ADDRESSED, 


PEE r PEPE RCECECOCCCOCOSCOS SS ESSE PRESTR ES TET PSPC AP eT Pe SS 


PLETERRERRYs CeCe AND BARNETT» ReMe A MULTIPUTPOSE RESEARCH 
LAPREATSRY FAR FLIGHT SIMULATION, tTHe AMERICAN SOCIETY OF Me, 
CHANT CAL ENGINEERS! ASME PAPER 63eAHGT=874 JAN 19636 


* ABSTRACT * 
beTLe Teke OPeRaTIOhal FLIGHy TRAINER 6R PROCEDURES TRAINER CAN 
Pr CeerGieO ARALT A sPeCyFyC MrIssy8N BR VEH;CLE, A RESEARCH 
LaTAR,rSRY MUSy7 FROyVIDE acl TO ALLOW SIMULATION GF a 
vA" tery OF FLIGky SyTTLATIONS, The EXISTING SyMLLATION 
FaCtlyyi S OF tke AMES RESEARCH CeNTER ARE BRIEFLY OeSCRIgeD 
TRAahspARy, Eantine SyMU age MeIGky CON;ROL appaRarUs, alRy 
PeaRTNGySLPPORyEC SrMULa TORS, AND THEIR INTEGRATION WITH THe 
TeNeRal PLRPASe cleCyRANIC ~NalOG CaMPUyERS, AS_A SPECIFIC 
EXAPPLe 98F THe FLEXIBILITY AVAILABLe IN THe APPARATUS, THE 
APPLICATION af tke FIVe.CeGRee -OF FREEDOM FLIGHT SIMULATOR 76 
PAF yp TFAANSFORT RANOLING PROBLEM aND a SPACESVEHICLE REENTRY 
PRAPL EY 1S DescRy@eD, MetTHADS BF INTERCONNECTISN GF COMPUTERS, 
eyMULaTaRs, ANC PNSpRUMENT DySPLays ARe DysCugse0, (AUTHOR) 


PERE UPECUREILOLE CELL Le CL LL LS feded ddd hehetk boteteheheh dh tehedehahated dak hte 


BY¥Sa, Keee ANC MCLEAN, “,N, ThE USe OF FLIGHT SIMULATORS TO INe 
vp Sy icare SUPERSONIC RaNSPO@Ry LaNDING yMPaCy creTpn eas +N@R 

A gricas AVIATIBN, INC,t, LOS ANGeLES, CA, SUPERS 1c TRANSPBRYT 
ne FROGRaM SPANSEREC BY The FEDERAL aVIaTION AGENCY, Rew 


xe EA 
NAS63*253"4% MAR 19636 


FAR 
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* ABSTRACT * 
AN ADVANCES SIMULATOR WrICH CaN Be USEC TA SIMULATE LANDINGS 
IN A CURRENT VET TRANSPORT, IS CESCRIBED.e A COMBINATION 6F 
bYSRIC CaMPUTATIAN, MOVING COCKPIT, AND UNIQUE DISPLAY SYST_EM 
ReCuce CERTAIN SKORTCOMINGS CHARACTERISTIC SF OTHER CURRENT 
LaXNCt\G gy’ULarTOR SYSTEMS. THE vaRr8Us CONSIDERATIONS WHICH 
AFFeCr a SIMULATION GF THIS NaTLRe aRe OsCusseD, 


THE vALIDITY 6F THe SIMULATION IS 78 Be gor Abeisree BY USING 
aTRLINe PILOTS 7A FLY CURRENT SLBSBNIC 7RaNSPBRy LANDINGS aNnD 
MEASURE LANDING SPEEDS anO SINK RateS, THESE WILL Be COMPARED 
WITe pe tuaL FLIGHy STATISTICS, ONCE THIS VALIDITY IS 
ESTABLISHES, A SIMPLE ChaNGe IN CAMPUTER INPUT DATA CAN CONVERT 
The S]MULATISN IN7H BNE REPRESENTING SUPERSBNIC TRANSPBRT 

CHAR BC TES ISU IES; LSING TRIS SIMLLayION, LANDING IMPACy 
CRrycRia FIR VaRTOLS CONE TGUR, TIONS 8F SUPERSONIC TRANSPORTS 


CAN Be PREDICTEC. 


THIS cFFART IS srengenet BY tHe FeDeRAL AyT ATION foe apy WITH 
The TECHNICAL SUPPSR7 SF CepaRTMeNy BF DEFENSE, ABRONAUTICAL 
SYSTEMS CIVISTAN, ANC NATIONAL AERSNAUTICS AND SPACE 
aAC™INTSTRATISN, (AlTHBR) 


4 CPI SSCS Ce CC CEC CSC Pe eT eC eee re eS PEP CPP TPT RCPS 2 


EDENSAROBUGH, Re Ae 

RaF INSTyTUTE GF AVIATION MeDICINe, 
FARN2gReUGH, KANTS» 

TAM REPORT 433, MAR 19680 

LSeR @PyNyAN BF RaF FLIGhy gyMULaTORS 


* ABSTRACT «* 
AS FaRT OF The R Searee BF FLIGHT SIMULATION REQUIREMENTS AN 
SPEN ENCED guests NAIRe WAS AOMINISTERED TB USERS BF RAF 
FLIGky SIMULATORS, GUESTIGNS ABOUT MOTION ReguUIREMENTS, vISUAL 
nBFLD Re GLIREMERTS AND ACCEPTABILITY WERE EXAMINED. NO 
CrFFeReNCeS he Re FOUND BeTwWeeN DIFFERENT GROUPS WITH REGARD T6 
tke FIRST TWH SF TheSE, BUT UNITS USING FIXEDeBASE SIMULATORS 
REPRESENTING TRANSPORT AJRCRAFT FOUND THESE DevICES 
SIGNTFICANTLY LESS ACCEPTABLE THAN GROUPS USING STHER 
SIMLLATERS« 
It 18 SUGGESTED TRAT THe COMMENTS APPEARING MOST FREQUENTLY IN 
TRIS STLOY MAY Be USED: 


+, 18 FROOUCE GUESTIBNNAIRES CAPABLE GF MORE SBPHISTICATED 
GLANTITATIVE ANALYSIS. 


ae AS CIRECT INCICATIONS OF ThE MOTION AND VISUAL CUES THE 
USERS Feel WO8LLC Be MOST USeFULLY INCULDED IN FUTURE SIMULATERS 


eTerrrr rrr rer rrererrerrererrer ere re rs See eee ETP PRES RA he eo 
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TD ARDS, Ae @ DEVICE FAR INSTRUCTING STUDENTS IN FLYING 
FATENT ASe 223062429 
FILED 2ECe 234 1941 GRANTED CECe 25, 1942 


\§8 ARSTRACT 
Terr rr rrr errr rerr rer rrerrcorrCeCoce roe eee eee ee eee eee rrr ttre. Ss 


ELTRICGE, We Me ANC CRANEs He Le 

Lor AF A LARGE CET TRANSPBRT AS AN INFLIGHT DYNAMIC SIMULATBR, 
NERTH ATLANTIC TREATY SRGANIZATIBN, 

AP VISSRY GRABLE FAR AEROSPACE RESEARCH AND DEVEL SPMENT 

AGARC REPORT S28, MAY 19666 


* ABSTRACT * 
TRE SUPERSONIC TRANSPART CONFIGURATIONS NOW BEING STUDIED ARE 
CENSTOPRaBLY CIFFERENT FROM THE EXISTING SUBSBNIC Jet 
TRANGEARTS ANC 7 IS ExPeCTEC That THE FLIGHT CHARACTERISTICS 
CURING tke CRyTyCal LOWsSPeED APPRBa~CH aND LaNDING wyLl pes 
FRPPBLeMS, IN SRDER TE SBTAIN INFERMATIAN ON TheSE LOW.SPEE 
FLIGHT CHARACTERISTICS, THE NASASLANGLEY RESEARCH CENTER 
CaheRaCeel WITk THE Bog ynG CaMPany T8 MaDIFY Tre BRyGINAL 
RAFING 757 PROTATYPe (Tre MODEL 267-80 AIRPLANE) FER USE AS AN 
INFLTGRT SIMLLATAR. 


THIS FaPcR WILL DYSCUSS Tree INFLIGHT SIMULATIO6N ee THAT WaS 
CevelePeh FOR TheSe TESTS: INCLLDED IN THe PAPER WILL Be 
TISCLSSTANS 8F TRE UNTGLE USE SF SPOILERS AND THRUST ReveRSERS 
18 SIMULATE VARIATIGNS IN LIFT AND DRAG WITH aNGbhe 6F ATTACK, 
The ABILITY TO VARY The LONGITUDINAL CrARACTERISTICS TSA 
cyMLLate The GROUND PROxIMITY, AND THE GROUND, BASED SIMULATOR 
av C3MELTER STLOIES USEC TH INVESTIGATE PROBLEM AREAS AND 
CekeCK Tee GUALITY 9F SIMULATION. 


THIS eApER wAS eReESENTEC AT THE TwENTYeEIGHTH MEETING OF THe 
aGARC FLYGRT MeCkaNICS FaNeL, MELD JN PaRIS, FRaNCe, BN 
1o711 MAY 19666 


Terr rer rrr erererPrerrerererrCOCCCCOCOCeC eS ee EEE SS TERRA ARR RAE A ED 8 


FLlis, \, Gren LOWES» Aes MATHENY, We Ge» AND N6RMAN, De 

eIL@7 peRFORMANCE TRANSFER @F TRAINING AND DeGgRee GF SIMULATION 
TIT, PERFORMANCE BF NONeJeT EXPERIENCED PILOTS VERSUS 
CIMLLATIAN FICELITY.« 

NAVTFACEVCEN 670C@O034"16 

Le Ss NAVAL TRAINING CEVICE CENTER, ORLANOG, FLORIDA, 

ALGLST 1968 


* ABSTRACT * ; 
THIS 7S tke FOURTH RePART IN a STUDY PRAGRAM re pt in WITH PILOT 
EeRFSRMaNCE, TRaNSFER OF TRAINING AND CeEGREE BF SIMULATION. 
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TRE FURPASE OF THIS STUCY WAS TE REPEAT A PREVIOUSLY CBNDUC TED 
TRANSFOR BF TRAINING STLOY USING NONeJET EXPERIENCED PILETS AS 
SUBLECTS. ITS FRIMARY SBJECTIVE WAS TE CETERMINE THE 

TRAINI\G FEASIBILITY OF USING DEGRADED LEVELS 8F SJMULATIOBN 
FICELTTY IN AN BPERATICNAL FLIGHT TRAINER (OFT) ¢ SIMULATION 
FIDeELyTY WAS VARIED BY JNCBRPARATING CeceFFICIENT CHANGES INTO 
THE ag relYNaMiC EGUaTISNs SF FLIGHT SUCh THatT ee ag 

COEFF TZICNTS ANC LEAST SGUARES APPROXIMATIONS TO FLEXIBLE 
COEFFICIENTS Served AS TRE EXPERIMENTAL C8NDITIONS AND FLEXIBLE 
CEFF IZIENTS, SERVED AS THe CONTREL CONDITION, O6N The BASIS 
QF STUY RrSCtqs, ty WAS CSNCLUDED HAT THe FeaSIBILITY OF 
RrGyC COeFFICrENTS FOR BFT TRAINING HAD BeeEN BeMONSTRATEDs 
hAweve?, ThE TRAINING UTILITY OF THE LeaST SQUARES 
aAFPRAx{MaTIONS haS COURTFUL, Ir IS ReCSHMENDgD THary FURTHER 
SpLCY SESLLD Be UNDERTAKEN USING OTHER FLIGHT REGIMES AND 
TRAINING MANEUVERS e 


POE SECURIT E RCO LECCE ES SEES ESET ETS CSE SET SEPP PAT TPP SS 


ELLIS, Ne Con LOWES, Ae Les MATHENY, W, Gey NORMAN, De Ae AND 
WILKERSBNs Le Eo 

FrLAT PERFORMANCE, TRANSFER 8F TRAINING AND DeGREE 6F 
SIMULATION: II, VARIATIONS IN aERODYNamIC C8EFFICIENTS, 
NAVAL TRAINING CevICE CENTER 

TEChke REPT+ NAVTRADEVCEN 1889°12 MAY 19678 


* ABSTRACT * 
THIS 1S phe TRIRO REPORT IN 4 STUDY PRAGRaM DeaLING WITH PILOT 
PERFORMANCE, TRANSFER BF TRAINING aNO D GREE QF SIMULATIBN, 
TRANSFER OF TRAINING STUDIES WERE CeNDUET T6 DETERMINE THe 
TRAINIFG FeASIBILITY OF SIMULATORS REDUCED BY yARYING 
AERADCYNAMIC COEFFICIENTS, 
eExPeRIMENT ONe INCBRFERATED THE COEFFICIENT CHANGES IN THe 
LONGTTUCTNAL PO0c; EXPERIMENT TWA IN The LATERAL MODE; AND 
EXPERIMENT ThRee IN THE COMBINED LONGITUDINAL AND LATERAL 
MACES, FROM THE STUDY RESULTS, IT WAS CONCLUDED THAT 
FeAST@ILITY SF TkeSe RECUCED SIMULATI6NS AS CANDITIBNS FOR 
TRAINING AD BEEN DEMBNSTRATEDe FURTHER STUDY USING 8THER 
FILAT POPLLATIONS, FLIGHT REGIMES, MANEUVERS AND STIMULATOR 
CAPABILITIES TA DETERMINE FULL IMPLICATIONS BF THESE FINDINGS 
SKALLO pe UNCERTAKENe (AUTHORS) 


OUP PC RTE COCLCCOCCCCCCC COSC Cee eee ee eT TTT TTA TTP hh 8 


EMFRY, ¥,Ge» SOKNEBBRN» W.G,, AND ELAM, C,B, A STUDY BF THE 
VALICTTY BF GRELNC@BASEC SIMULATION TECHNIQUES FOR THE UHe1B 
KEFLICAPTER. BELL HELICBPTER CO., FORT WORTH, TX FOR 'USAAVLABS, 
REPret 7R*E7*72» ~0=667 G8Bs DEC 4967s : 


* ABSTRACT * 
The WSFK EXPLEFED Tke CrARACTERISTICS BF SOME SIMULATOR AND 
FLIGKy CATA WKRICK WeRe COLLECTEC IN A Uo 8 HELICOPTER AND A 
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ERFLAD@BASED SIMULATED VERSTAN BF THE SAME*5 ANALYTICAL 
TRFATMEATS ARE CESCRIBEC AND APPLIED TS THESE CATAe THEY ARE 
ALTACSRRELATIAN AND CROSS CBARRELATIEN FUNCTIONSs PILOT ERROR 
AND PILAT EFFICIENCYe RESULTS ARE REPORTED ON THE 
FFFECTIVENZSS SF CFRTAIN SIMULATOR VARTABLES AND PERFORMANCE 
MEASUREMENT TECKNIGLES+ (AUTRBR) 


Terre rere eee eer ee ee eee PPT PPC PRP OPP APP EPC Ree TCP Pe TR eee 


FNER, EeLes eke A STUDY BF PILBT PERFSRMANCE CURING A GLIDEe 
SLAFS APPREACk WeeN RATE INFARMATIAN IS SUPPLIED VIA THE PERI» 
FRKERAL VISION. 'AYR FORCE INSTITUTE SF TECHN@LEGY! REPERT 
GE/MAs740=25 WRIGHT-PATTERSON AFB, BHs DEC 197460 


* ABSTRACT * 
A PRESENTATIAN IS MACE SF THE FINDINGS AF A FIXED*BASE 
SIMULATION STLOY CURING WHICH TRE RaTe BF GLIDE*SLEPE DEVIATION 
wAS PRAYTCSO VIA Tre PERTPHERAL VISTON 7S THE PILOT, WHILE 
FLYING A SIMULATEC GLIDEeSLOPE APPREAC-L, THE METKOD USED Té 
SLPFLY GLICEeSLAPE DEVIATION WAS BY The MOVEMENT BF ALTERNATING 
BLACK ANS wHITE LINES DISPLaYel IN THE PERIPHERAL VISION, 
PYL@T PERFORMANCE WAS MEASURED OLRING GLIDE-SLEPE RUNS 
PeRFARMCD wITROLYT THE PeRIPHERAL DISPLAY AND a COMPARISON MaDe 
ATTR PERFERMANCE MEASURED DURING USe GF THe DrSPLAY, FINDINGS 
Sk8n pray A PeRTPRERAL LISPLAY WHICH peecests RATE INFERMATION 
Ca Q¢ Use” Té IMPRAVE FERFERMANCE FOR MOST PEGPLE, 


A PR-SeNraTI8\ IS ALSS EAE 8F The FINCINGS SF A SIMULATION 
INVALYING A SECANCLARDER CRyrTICAL TASK, FINDINGS FROM THIS 
Sr’LlatrTan SkBW Thay THe SECONC.BRDER CRITICAL TASK CAN BE 
SLCC-SSFLLLY LSeD TA GeTeRT INE IF AN INCIvIDUAL IS CAPABLE OF 
IMPRAVING PERFORMANCE BY THe USe BF A PERIPHERAL DISPLAY WHICH 
PRESENTS RATE INFORMATION, 


WEEE PECTEROCASESELCELC ELSE EE PEPER ESET PSE PPPS REPS ESP ST TS 


FNEYa eA 
“Sy INGapASE SIMLLATION OF THe Foqy STALL/SPIN, NAVAL AIR Devele 
PPMENT CENTER, WARMINSTER, PAs NADC#73085"30 73/06/06 


* ABSTRACT * 
A TeRee.DEo Ree BF FREEDOM CENTRIFUGE WaS USED TU PROVIDE A 
“SVINGeBASE PILOT CANTRELLED SIMULATION GBF THe Fey4 AIRPLANE 
IN THe STALL @SPIN FLIGHT REGIME. VARIOUS PILOTING TECHN] QUES 
weRe evaALLATEC IN ENTERING, REC6VERING FROM, AND FORESTALLING 
LNCANTROLLED FASTeSTALL GYRaATIGNS AND FULLY DevebOPED SPINS, 
FREFACED SYSTEMS WHICh AUTOMATICALLY FORESTALL DEPARTURE WERE 
APPRAyYTMATE. AND EVALUATED, AVBIDING THE YAW CLE TS 
CYPPeERENTIAL TAIL CeFLECTIAN WAS FOUND 76 Be Tre PREDOMINANT 
FaC7A@R TN MAINTAINING CONTROL AT THE SyALL. 


Portrrrerrr er eePPCPPCPCC OCC OT EOC EPC CREEPERS RSS EET ERASE ERS ASAE 
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FAYE, AeEe ATTITLCE CONTRAL REGUIREMENTS THRALGH THe USE BF aA 
FILE@TEC FLIGHY SIMLLATOER, NASA=TNeDe79Q0% APRIL 1961.6 


* ABSTRACT # 
A PILATED SIMLLATBR INVESTIGATI9N HaS BeEN CBNDUCTEL 76 
ESTABLISH ATTYTLC CAONTREL Reon ices Nrs F@R HeveRING FLIGHT, 
Realysyic CONTROLE ABILITY BeUNCaRTeS OF CONTROL POWeR AND 
CAMPING vALUeS weRe ESTABLISHED ABBUT EACH GBF THE THREE AXES, 
B\c ay A TIME, UNDER [Deal CONDITIONS, THESE SINGLE.~AXIS 
RALADARI eS SkyFreO0 AND BeCAMe MORE ReESyRICTI VE WHEN 
SI“LLTANEELS CENTRAL ABBUT TWO AXES WAS PReSeNTeD The PILOT, 
wyTk pee CSNTROLS HARMSNIZED, FURTHER SHIFTING BF THe 
PaLACaRIcS was INDICATED WHEN The CONTROLS WeRE NOT HARMONIZED, 
BR hkeN GYRBSCHPIC COUPL{NG waS ADDED, 


GyYRascePyC CBLPLYNG ceThees THe Py TCH aNd vat FREepeM @F MOTION 
ReSblbyel IN a RaryD PETE jee BF CONTROLLABILITY WITH 
IKCREASING AMQBLATS @F GYR@sCaPIC CeuPLING, ESPECIALLY WHEN THE 
CaYFING WAS REDUCED Te Lew valYes, 


a COMPaRySSN BF SyMUL ATOR CONTROLLABILITY ae WITH FLIGHT 
INCTCaTeS GBBC CORRELATION BETWEEN THE SIMULATOR TWO-AXES 
Re SLL7S ANO The vTae AIRPLANe ALLeAxES RESULTS, 


POELVPCrTEETICTCOCLCOECOCOCOCSCE EOS SSC RSE SS TTC ELE PLE RES SAR Oe SS 


FeOCeRSON, Woe, #SIMULaTOR RESEARCH; val IDayI6N AND MOTION 
stlUCresi, IN SeveNTH ANNUAL ARMY HUMAN FaCTORS ENGINEERING 
CSNFERENCEs OCTOBER» 1961 AD 267 153 


* ABSTRACT «# 
THe PLRPO@SE SF The STUDY WAS T8 DEMONSTRATE WITH EXPERIMENTAL 
CATA The EXTENT TO WHICH PeRFORMANCe RESULTS BN THe SIMULATOR 
APPRAy IMATE TkOse EBTANEC FROM THE HEL; COPTER WHEN THE TASKS 
ARE EGUIVALENT. 


THE AppROACH WAS THREE =PRONGEDe 

1» 88kED AT THE EFFECT SF VARIOUS TYPES 6F MBTION UPON 
SPERATAR PERFORMANCE e 

ze  LESkeD AT THe CONTRIBUTION BF MOTION CUES RELATIVE TO 
KA MAZTON IN tHe SIMULATOR RACKING SITUATION, 

a, INveE THgaTren 6F THe VARIG8US MEASURES WHICH CAN BE 
LSeC JN Tee FYVALUATION 6F OPERATOR PERFORMANCE AND SYSTEM 
PERFORMANCE s 


ReSlLLTS skOwel THAT WHEN THe TASK WAS T6 HOLD A HOVER (HOLD 
THEIR FOSITION RELATIVE TE INFORMATION PRESENTED IN THE 

CrSFLaY) Tee wMeATTet GROLP LEARNED MBRE GUICKLY. HOWEVER, WHEN 
TRANSFER WAS MACE, THE METION GROUP PERFORMANCE DETERIGRATED AND 
THE N@ewATION GRBUF IMPROVED S& THAT TKEIR RELATIVE POSITION 

wAS ReEvERSEC, 
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TEE TMPBRTANT THING HERE IS THAT THE M@TIBN GROUP AFTER BEING 
SwITTKED TA TRE NO=eMSTIBN CANDITIAN, NEVER GETS BACK T® THE 
LEVEL kEICH KAC BEEN PREVISUSLY B8BTAINEDe TRIS INDICATED THAT 
THE IAFSRMATIBN WEICK CONTRIBUTED TE PRAFICIENCY IN THE 
SRTGINAL TRAINING SITUATION IS N6@ LONGER PRESENTe IN 
TRANSFERRING TA TRE ACTLAL HELICOPTER TRERE WERE N@ SIGNIFICANT 
PTFFOREACES IN TRIALS TS ASYMPTBTIC PERFERMANCEs 


Cece re CeCe PPP PCP ESCO EES ESTERS ESSER SEE ET SESE AARP SST ERSTE ET 


FETC RSON»s WeEe 'TRE ROLE OF MBTION INFERMATISN AND ITS CONTRI» 
PLTISN TA SIMLLATIGN VALICITYt+ BELL HELICOPTER C6., REPORT NOe 
Me2@ZSe4Z9"COl1y APRIL 19620 


#* ABSTRACT * 
TKE USE BF A MOTION SIMLLATAR IN THE EVALUATI6N ANC TESTING 6F 
TypSePLay aNC INSTRUMENTATION CONCEPTS WHICH ARE CENTRAL TY The 
SBUECTI VES BF ThE ARMYeNAVY INSTRUMENTATION PROGRAM (ANIP) 
FASe* Tee SAME GlLESTION, TS WHAT ExTENT DOES THe DevICE ALLEW 
A VAL TC evALLATIAN BF The DevebSPMENTS UNDER pret et i 
the LLTIMATE IN VALIDITY WBULB Be ACHIeved WHeN OPERATOR 
Beray eR IN Tee SIMULATOR CERRESPBNDS PRECISELY TE CONTROL 
Pekavy8R IN Tee SYSTEM BEING SIMLLATED WHICH, IN THIS CASE, IS 
a kel yCapTeR IN all OF 7S FLIGhy MODES, SINCE iz ts 
LNRe aL ISTIC 78 exPECT EXACT BERAVIGR CARRESPONDENCE IN ThE Twe 
STTLATIONS, The TASK IS ONE BF CeTERMINING THe EXTENT SR DegRee 
AF aCERAxIMATION, THIS REPORT SUMMARI7¢S THe ReSuLrts OF a 
SeIeS SF THRee INvESTIGATIONS, BBTH SIMULATOR AND FLIGHT TEST, 
TESTGNCD TA DETERMINE Tre RELATIVE PROFICIENCY ALLOWED BY 
MATIAN JTAFSRMATION JN Tee SYMULATOBR IN A HBVERING FLIGHT MODE 
aNC, SeCONCLY, 76 CeTERMING WITh APPROPRIATE MEASURES THe 
PeGhee ye WHICk CONTROL BekayiISR IN THe HeLICAePTER IS 
sPPRAxTMaTeD BY BehaVIO8R IN THE SIMULATOR WHEN THe TASKS ARe 
EGUIVALENTs THe PREFICIENCY RESULTS ARE REPORTED IN TERMS 6F 
TNteGRate® apS8llre ERROR SCORES aBOUT THe VARIOUS axes 
CeFINING 1, hOyERING TASK, ANS THe BekavIGRal Data, ARE 
FeeSeNten IN tee FORM SF AUTSCSRRELATION FUNCTIONS, 


tee PecRatTOR1S eROpRIS8ceprTI SeNSeS ARe SENSI TIve TE SNSeET, 

TF The BPERATSR Cah SENSE Tis FHT RD DERIVATIVEsss ANDO INITIATE 
eve’ aN APPRAxIMATE CORRECTIVE RESPONSE, He JTS CONSIDERABLY 
akcaC 8F the viSUal SeNSe ALONE IN CONTROLLING THE SYSTEMye, 
FeRCePrren 8F rkeSe DERIVATIVES BPERATES IN eEFFeCT 18 QUICKEN 
tee CrsFLAY CaMFLeX,.,SbEBveCrs' ReSPONSe UNDER THE MBTION 
CaNC ry ON TS ChaRaCreR ZED BY,».SHBRTER RESPBNSE TIME TE aN 
ESRAR, 

Pre reerer CCR RECCPC VOCE CCLOSCC OSC CCAS ECE EPP TET SET APP PAS 
FeSSenDen, EMMA 1,, HALL, R,ags AND CROSBIE, RK. DYNAMIC SIMUe > 
LaTIAN 6F SPIN 8K The HUMAN CENTRIFUGE, REPORT @F PHASE I, 
tNAYAL ATR OGyELOFMENT CENTER REPGRT! NADCeMRogg13» 16 SEPT 1968 
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* ABSTRACT #* 
THE SEIN MANEUVERS 6F A NAVY F4B FIGHTER AIRCRAFT HAS BEEN 
CYNaMyCaLLY SyMLLatTeD ON THe a CENTRI UGe éT He AE BSF AC 
Mel rCal RESEARCK DePART*ENT (AMRD) 6 THE NAVA AIR De Veter T 
CeNteR, JOPNSVILLe, Pa, AN ACTUAL F4B CECKPIy WAS MBUNTED AND 
TXSTRUMENTED IN THE CENTRIFUGE GONDBLA ANp PATA FROM ACTUA 
SFIN FLIGRT TeS7TS wWeR UrrbyZe0 as ge ValUaTSRs AND JUDGED He 
mgAbast gF ke 6Peh Uber SPyN STMULaTION, THyS RePBR7 CONCERNS 
Fe gACrISNS 6F These FIL@7S, AN ATTeMPT IS MADE 78 ASSESS 
THe TRF L Ug hte OF rhe PILES BaCKGREUNB, I1,£,3 BOTH TRAINING 
aN® eOUCaTIOR, BN HIS ReaCTION TO THe CYNAMIC SIMULATION, THe 
Valle 6F The StaTIC VeRSLS zHe DYNAMIC SIMULATION IS DISCUSSED, 
a VySbal cySFLaY COASTSTING oF aN BUT erHEeWINDGW VIEW OF 7H 
SPIN was F ase" iE" 78 Tre PyLO@T CURING He LareR PaRy OF THe 
FRACR,AM, yMIS OPeh L@6F SIMULATION Has sUBSr, TlATgO qh 
CAaNCeFy 9F USING tke CENTRIFUGE AS a DYNAMIC SIMULATOR FBR 
ATSCRaFy SPIN MaNcUVERS, (AUTHBR) 


PROSE CT COC ELEC SCR PEPE S TSS EE PSSST CEE CC PPP TPT AT EPS PETS SSD 


FITZPATRICK, R, TOWARD a THEORY OF SIMULATION!. PAPER PRe. 
Sete ar the ANNUAL MEETING 6F THe HUMAN FaCrT6RS SOCIETY, NEW 
YeSK CITY» NOVEMBER 19626 


* ABSTRACT * 
tHe CeNCcFr BF SIMULATION, yHOUGK INTUITIVELY gASY T& GRasP 
FaS NOT Been FReCySeLY CF ined NOR HAVE PRINCyPLES UPON WHICH 
TS paSe SIMULATION | a BFet ESTABLISHED, OJSCUSSIENS OF 
IEE SlaccCT Wee DIVE . v68CaBUCARIcS SB THAT AN TWreGRaqed 
BRCepr SF SIMCLayIEN TS HARD 78 CMe BY, IT IS THe PURPOSe OF 
THIS FAFER 78 AqteMFT A ST ANDARDI 7 Ay TON 6F yECABULARY AND 
INTEGRATION OF ICEAS WIth A vigh T& ESTABLISHING A BASE UPON 
heIER a TReEORY BF SIMULATION MAY Be BUILT. (AUTHBR) 


CeCe PCC ETOCS OCC ESLER Eee Te eT TT TPT FPP RPP PT 


FLEISKMAN,y E,A, AND RICh, S, "ROLE BF KINESTHETIC AND SPATIALe 
VISLAL aASILITIES IN PERCEPTUAL*MBTBR LEARNING?#, wWBURNAL 6F 
EXFERIMENTAL PSYCRELSGY, V66, NOe 1 JULY 19630 


# ABSTRACT «# 

o1§ weMe AOMINISTERED A SPATIAL TeST AND A NeW MEASURE OF 
rKINESTFETIC SENSTTIVITY 1 AND THEN RecelVED EXTENDED PRACTICE 
BN A TwOLRAND CABRDINATION (THC) TASK, THE RESULTS CONFIRM THE 
hyPArrkeSIS THAT SeNSITIVITY TA PROPRIGceEPTIVve CUES ARE MORE 
IMFORTANT LATER IN PERCEPTUALS™OTER LEARNING WHILE SENSITIVITY 
TO EXTERACEPTIVE (SPATIAL eVISUAL) ARE MORE CRITICAL EARLIER IN 
LEARNING, The STUDY EXTENDS PREVIBUS KARK WHICH SHOWED THAT 
ABILITIES WHICR CONTRIBUTE 78 LEARNING EARLY IN PRACTICE MAY BE 
CIFFeRcRT FRAM TkOSe WHICh FACILITATE LATER LEARNING, (AUTHOR) 


PwUPETOCCTERCISCECCCCCC COS er eee TEA A Be Dae indie tebe 
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FLETCHER, CeEes COLLINS» CeCe AND BROWN, Uele EFFECTS OF P@Se j 
ITIVE ACCELERATIAN UPON THE PERFORMANCE 8F AN AJ] ReTOeAIR TRACKe 

If TaSk, JSLRNAL BF AVIATIA8N MEDICINE, VOLUME 29s PPe 89168972 

TECEMBER 19586 


* ABSTRACT * 
IN A SIMULATED AIReTO-AIR COMPENSATARY TRACKING TASK 8N THE 
CENTRIFUGE, EACk OF FOUR SUBJECTS PARTICIPATED IN SEVENTY eTWS 
RUNSe IN EACk 441 SECB8ND RUN» A LIGHT AT THE NINETY@FIRST 
SECAKC S]GNALEC TRE SUPLECT TE PRESS A CBNTRAL STICK BUTTON 
AFTER CkECKING TKAT THE TARGET AIRCRAFT WAS CENTERED ON THE 
SSCILLSSCBFE. aCCOROING T5 ANALYSIS OF VARIANCE THIS TIME 
SCARE waS LNAFFECTEC BY CKANGES IN CENTRAL STICK BR IN DURATIEN 
LEVEL, ANC LOCATI@N SF ACCELERATIONS BLT IT DID VARY 
STGNIFICANTLY FAR DIFFERENT SUBLECTS+ FER TRACKING ERROR 
SCARES, TAKEN AS Tre VERTICAL AND THE FARIZBNTAL CUMULATED 
APSALUTE CEVIATIAN GF Tre TARGET FROM THE CENTER OF THE SCOPE, 
ALL MAIN VARIABLES AND MANY INTERACTISAS WERE SIGNIFICANT By 
ANALYSIS BF VARJANCEe’ TRACKING haS MORE ACCURATE WITH THE 
RrGkrsHaNl CBNTRAL STICK THAN WITH THE CENTER STICK, WITH TEN 
SeCANCS AF ACCELERATION aS COMPARED TA THIRTY SECONDS OF 
aCCeLeRatIONS, WIth 1 AS CAmPaREC TA 2 BR 3G BR With 4 SR 2 AS 
CAMFaRcC T8 3 8R 4G OF ACCELERATION, ACCURACY WAS NOT AFFECTED 
BY ghee LaCaTyeN BF tHe ACCELERATION WITKIN A RUN, OJFFERENT 
SLB ECTS VARIEC CONSIDERABLY IN TRACKING ACCURACY, THE 
SIGRIFICANT INTERACTIONS BETWEEN VARIABLES APPEARED TO BE 
UNSYSTEMATICe 


TCC rrr re ererrCrErrerCeC CL eS EPS TASES SPREE RR SRE EE RS EES SFP PRD DD 


R, FL=xMaN ANC Wy POWe © PATENT DISCLOSURE BN G Seat. LINK 
GR8Le, ceNERAL eRECISIGN SySTEMS, INC,, BINGHAMTSN, NeWey 19656 


N@ APSTRACT 


eC eT erC er eCeCOPeCrEeCC LEE ee PCC REP CP RSE PRESS PP CP eS eS ST TTP eee ST 


FLEXMANy ReEso 
MaN IN MatTIeN tthe CONNECTING LINK! 
GeNeR aL PRECISTONs [NCe BINGHAMTON» Neovo 3 120184 1966 


* ABSTRACT * 
TRIS aRTICLe MAKeS A CASE FOR The IMPGRTANCE OF PROPRIOCEPTI VE 
Cles yN\ FLIGHT aN the ADVANTAGES BF PRAVIDING SIMILAR CUES JN 
TRE FLIGHT SIMLLATOR SITUATIONe ANALYSES SHOW THAT THE PORTION 
SF tke THTAL Cle or hat ve OF FLIGHT THAT IS ReCelyeD BY THE 
PRPERISCEPTI Ve SENSORS IS INTEGRAL aND [MPGRTANT TO THE 
Ses an A a BF aN ADEQUATE REPERTEIRE GF RESPBNSES, BECAUSE ) 
ReaCri]6N TIME TA KINESTRETIC STIMULT IS SIGNIFICANTLY “ed 


TRAR 78 VISUAL STIMULI, THE PROPRISCEPTARS ENABLE A PILOT T 
*GLICKeENt KIS EXTIRE FLIGHT Re SFANSE NeTWERK AND 18 KEEP HIS 
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THILGET PRSCESSES AHEAD OF THE AIRCRAFT. VALIO ARGUMENTS 
AGATAST ThE PRILESEPHY BF IGNARING PHYgyCal CUES IN FLIGHT gRe 
FRESENTEDe 


A FEVIEW BF TRE LITERATURE AND RESULTS FROM A NUMBER OF 
INeFS8LSE STUCIES SUGGEST THaT THE MOTIONS WHICh SHOULD Be 
SIMLLATEC ARE TRASE THAT DEPICT THE DIRECTION AND Rare OF ONSET 
6F ACCELERATIONS, CHARACTERISTIC VIBRATIONS, HEAVY TURBULENCE, 
CRiqiCal BLFFey Clues aND THe CORRELATED DI SBURBANC ES ASSOCIATED 
WrTe sPeCIFIC MaLFUNCTIONS, FADEOUT BF ACCELERATION CUES MUST 
Re sCCOMPLISKED ~T BELOn Lilet pee Rates TS age 6R 
Li’rrs mrerens IN FErGhr S}MULAT@RS AND SOMe CUcING BF THe 
SLS7aNeD ACCeLeRaTION 1S DegMEC DeStRaple, 


waN'S SENSITIVITY IS GReatesT FOR ROTATION ABBUT THE PITCH axIs 
AKC Least FOR ROTATION ABBUT THE ROLL AXIS. 


THE AUTHOR STATES THATs SINCE 1955 A NUMBER OF RESEARCH 
STUCTES HAVE BeeN ACCOMFLISHED BY THE AIR FORCE, NAVY, ARMY, 
NaSa aNC VARIOUS UNrVvERSITY GROUPS CENCERNING THE VaLUe OF 
MATI9N JN FLIGHT SIMULATORS, IN EVERY EASE KNOWN Te THE AUTHER 
THE Des tRAP IL ITY FaR INCLUDING MOTI@N IN FLIGHT SIMULATORS AND 
TRAINERS WaS ReaFFIRMED ~aND ¢D LINK1S KUNCH Was FINALLY 


VALICDATEDe 


errerre ry CET rrrrrrerCCOLrrerer are tee ee TR eT TR ed 


LeEe FAGARTY » GFAUND AIRCRAFT TRAINER 
PATENT NO@e0 229302144 
FILED YLLY 6» 19&4 GRANTED MARCR 29% 1960 


N8 AaSTRACT 


Perr errr rr err rrrreerrreorcCeeeeroeLe tee TT Teh 


FORRCS, AeR. SURVEY OF ThE EFFECTS OF BUFFETING AND VIBRATION 
9N FUMAN BEHAVIOR, FPRC MEMGRANDUM NO, 1054 FLYING PERSONNEL REe 
SEARCh COMMITTEE, INSTITUTE BF AVIATION MEDICINE, ROYAL AIR 

FARCE, FARNBO@ROLGRs ENGLAND, AOD -347 618, AUGUST 19596 

(CONF ICENTIAL) 


N6@ APSTRACT CIVEN 
rere ere Pe rrr rreerer er Tere Pre TEES EES De DDB iad dteieiieteieietelad tel 


FRIEDLAND, B, AND LING, C.K, GUAST®BPTIMUM DESIGN OF CONTREL 
SyStewS FOR MBVINGeBASE SIMULATORS REPORT NO. NASA CR1613 
NATISNAL AGRONALTICS ANC SPaCe ADMINISTRATION, AMES RESEARCH 
CENTER, @CTOBER 197¢ 
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* ABSTRACT * 
TRIS REPPRT IS CANCERNEC WITH TRE GPTI]MAL CONTROL GF A SIX#DEe 
CREE SAF eFREECSM MAVING=BASE SIMLLATAR», AND UTILIZES THE GUASI« 
SPTT’aL CONTRAL METHKAO CLE Ta FRIEDLAND. THE FROBLEMs IN BRAAD 
Tees, IS TO CETERMINE A CONTROL LAW FAR MOVING THE SIMULATOR 
CA® SS THAT ITS MOTION WILL: (1)'BEST! APPROXIMATE THE CES]JRED 
ATRCZAFT RESFANSE, ANC (2) NOT EXCEED THE LIMITED TRANSLATIONAL 
CAFAQILITY OF TRE SIMULATOR, OUE TO LACK OF EXPERIMENTAL DATA, 
"BEET! CAN ONLY BE INTERPRETED SUBJECTIVELY AT THE PRESENT TIMEe 
BY USe OF THE METREDs A VARIETY GF GUASI*BPTIMAL RESPANSESs EACH 
EMPRASIZING CIFFERENT FEATURES TRAUGHT 176 BE JMPORTANT IN MOTION 
PERCEPTION, KAVE BEEN SETAINED>e EXAMPLES BF SUCK RESULTS ARE 
CYVEN, ANC TRE CANSIDERATI@NS IMPORTANT IN INITIAL SUBJECTIVE 
EVALLATISAS BY EXPERIENCED FLIGHT PERS@ANEL ARE DISCUSEDs FyNay 
FVALLATIAN MUST RE MADE BY ACTUAL EXPERIMENTS IN A METIBN 
SIMLLATBRe 


Pere rrr TC eee Pe PCC CPCS ESE PES CCRT CPCS Pe PPP eT PPP SPP Cee eS 


FRIECLANCs Bey LING, CHENGeKUAN AND HUTTON, MALRICE Fe GUASI« 

AETIMLY CESIGN BF A SIX DEGREE SF FREECSM MOVING BASE SIMULATOR 
PEPART ABs NASA CReo312, NATIGNAL AERONAUTICS ANC SPACE ADMINI} 
STRATTEN WASRINGTON, DeCe 20546 OCTOBER 19736 


* ABSTRACT * 
The CeESIGN OF ~ swASHBUT CB8NTREL SYSTEM FAR A MBVING-BASE SIMUW 
LATOR IS TREATEC BY A GLASI.SPTIMUM CONTROL TECHNIQUE DevelLep_eD 
BY FRIECLAND (RaSA CReS27 AND CRe4909). AN EARLIER VERSIE6N OF 
rhe waASkKALT SYSTEM, LIMITED TA LONGITUDINAL MATION, WAS Dee 
ec8&ya-0 JN NASA CRe16]3 AND THIS wORK FXTENOS THE De SIGN TS A 
COMELETE SIXeCEGREE-OP-FREEDOM SIMULATOR, THe BROAD SBvECTIVE 
aF tke OeSIGN 7S 78 RePRGDUCe The SeNS-D MOTIEN (ANGULAR veELOC]. 
rY Ane sPeCrFyC FORCE) aS ACCURATELY aS POSSIBLE WITHOUT CAUSING 
THe Stm LLATSR (CAB) EXCURSIONS T8 excerO SPecIFIEO LIMITS, A 
FeRFARMANCe CRIteRIAN IS gS ABLISHED qrat WeIGFTS MaGNITUDe aND 
CpReCyION ERRERS JN SPECI re FARCE AND YIN ANGULAR veLOCrI Ty AND 
aTTeMPTS TS MaINyAIN THe EXCURSION WITHIN Set LIMITS BY PENALTS 
71NG exCeSSIVe EXCURSIONS, A FORTRAN ROUTINE FOR ReallIZING THe 
waSkALy Ean WAS Devel OPeD ANO TYPyCalL ryMeaHISTSRI¢sS YSING THe 
waSkALT FELTING WeRe SIMULATED FOR a RanGe BF PaRaMeTERS IN THe 
FeNaly¥ aN ke TGHTINGSFUNCTIONS, THESE TIME HISTSRIES AND THe 
LISTING AF THe RAUTINE ARE JNCLUDED IN THe EPERT, EVALUATION 
AF ykrs Class BF WashBUy LaWs IN aCyVal Pier SIMULATIONS Wags 
Nat UNDeRTAKEN, AND SUCh EVALUATION IS RECOMMENDED FER FUTURE 


INVESTIGATIABNS 

PU rerrrrerrCTECTTOCCCCOCCCC CCE RL EE See Ae ES 8 

FRYECLaNr, B,, THAY, Fee se CeHEN, v,0,, AND ELLIS, Je STUDY OF 
T ti 


GLASTSOPTIMUM Fee CBaCK CONTROL TECHNIQUES, NASA REPERT CResa7, 
AMES RESEARCH CENTER, ALGe 1966% 
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* ABSTRACT «# 
4 MageR LIMITATION TS Tre Use BF MOEDERA VARIATIONAL CONTROL THEe 
ARY FeR TRE DESIGN OF PRACTICAL FEEDBACK CONTROL srstire is THE 
NEFD TO SELVE A TWOePBINT BOUNDARY.VALUE PROBLEM OF DIFFERENTIAL 
EGLATIONS IN Real TIME. IN MOST SITUATIONS, The REALIZATION OF 
Tee exaCr SOLUTION 7&8 The TWO.POINT BOUNDARY yALUE IS NOT FEAST. 
BLe IN Vre® BF tke COST AND S176 @F EQUIPMENT WHICH SUCH a COM, 
pLTaTIOn wOULC ENTAIL, pOReEGvER, THE BpTIMYm PERFORMANCE, IN 
MaNy rNS7pANCES, ITS BNLY NEGLIGIELY SUPERIOR 7A THAT SBTAINABLE 
WITk A S1rrter, N@N.BPTIMUM CAN7ReL COMPUTATION, FOR THIS 
ReASAN MAST PRACTICAL Fee OBaCck CONTROL ererene CONTINUE TO Be 
CeSIGheC EY CON VENTIONAL FREQUENCY .DBMAIN BR CUTeAND.TRY TECH. 
NTGles, TheRe 1S AMPLE EVIDENCE, HOWeveR, BF THE SHERTCOMINGS 
AF C8NVENTIONAL yeCRNQles FAR The DES]TGN OF CONTROL SYSTEMS FBR 
CevPLex PROCeSS-S; A CLEAR NeeD EXISTS FOR OeSIGN TeECHNIGUES 
hHTChk eMPLAY zh= MBDERN vaRyaTIONal APPROACH BUT DB NOT ENTAIL 
the SELLTION BF A COMPLEX TWEPBINT BOUNDARY. VvALUE PROBLEM, 
TEIS Need MOtIVat_el The QUASI,S8PTIMUM CONTROL TECHNIQUE GF THIS 


STUDY. 


TWEE ETUC TERE SSE RETCE STC LCE RSE RETEST ETT TPT PPP PPT 2 ZS 


FRIECLAND, Be, THAY, FeEes WELT, Sey LING, Coke, AND SCHILDER,M, 
ACP ITTGNal STLCIES BF QLASI.SPTIMUM FeepBaCk CONTROL TECHNIQUES, 
TeECk, REPURT NASA CRei099, AMES RESEARCH CENTER, JULY 19686 


* ABSTRACT *# 
THE BASIS OF TH: GUASI*OPTIMUM CONTROL TECHNIQUE UNDER INVESTI» 
CATION JS THE w=LL ESTABLISHED ENGINEERING PRACTICE OF APPREXTe 
MATING A COMPLIcATED DYNAMIC PROCESS By A SIMPLER paring Re DEe 
STGNING a CONTRIL EYst » FAR TH EArt R, AND THEN AMENDING 
THe DeSIGN, IF \ECESSARY, Te ACCOUNT BR THE bIFFERE Ce BETWEEN 
THe BRIGINAL FRICESS ANC THe APPROXIMATION USED, A SYSTEMATIC 
APPLICATIAN AF TRIS DESIGN APPRAACH, WITHIN THE FRAMEWBRK @F | 
MADERN BPTIMLM CONTROL THEORY IS THe ESSENCE BF THe QUAST OPTI. | 
MUM CONTROL TECHNIGUE. IN THe APPLICATION GBF THIS TECHNIQUE IT 
IS NeceSSARY TraT THE ‘SIMPLIFIED PROCESS1, IN ADDITION TE BEING | 
A REASBNABLY FAITHFUL REPRESENTATION OF THE TRUE PROCESS, 
MUST pe SLCH TRAT Tee SOLUTION BF THE TWAePBINT BAUNDARY syALUE 
FRAEL;M GHVERNING 17S BFTIMUM CeATReEL LaW CaN Be REDUCED 7H Mane 
AGE ABLE PROPGRTIANS, The CORRECTION T8 THE BPTIMUM CONTROL LAW 
THEN RegUIRES Tre EVALUATION BF A CBRRECTION MATRIX BY THe SOLUe 
TI8N BF a MATRIx RICCATI EQUATION, THe SOLUTION MATRIX OF THIS 
RICCATI EGUATIEN IS USEC T9 CORRECT THe SOLUTION TO THE SIMPLI. 


Perry rr er eee erErPTCErCT CPPS eS EP TATE SECRETE ETT TAPP hh ee 


FREST, G, MANeMACHINE CYNAMICS, JN VAN COTT, HeP. AND KINKADEs 
4 RC, (EDS) "HUMAN ENGINEERING GUIDE TOA EQUIPMENT DESIGN', SUPERe 
: INTENCENT SF COCUMENTSs UeS, GOVERNMENT PRINTING OFFICE, WASH, 


DeCor 49728 
525 








NAVTRAEGUIPCEN JIH-298 


* ABSTRACT * 
TRIS CHAPTER [DENTIFIES AND DISCUSSES THE FACT8RS AFFECTING HUe 
“AN PERFARMAKCE IN TRACKING AND WATCHKEEPING (VIGILANCE) TASKS 
AKT PRESENTS CESIGN TECKNIQUES FOR BPTIMIZING THE PERFORMANCE @6F 
MANeMACKINE SYSTEMS WHEREVER PESSIBLES STHERWISE» GENERAL DESIGN 
RECBMMOADATIBAS ARE MADE AND THE AVAILABLE RESEARCH RESULTS ARE 
RFEFERENCECe 


CONTENTS 
bet TRE CLASEDeL@EF MANUAL@TRACKING SYSTEM 229 
6e2 §ELEMENTS OF ThE MANUAL C@A@NTROEL SYSTEM 230 
6e2 ANALYZING TRE CONTROL LEAP 255 
6e% CANTROL BF MULTIPLE L6ePS _ 288 
£e5 CISCRETE CBNTROAL SYSTEMS “ 295 


wee e PEC PSE CEP eC PEC ECS SS ESSE STS AERTS ERE PCPS PP PPC RPP Pee ES 


FRY, EoBe FTe ALe 'USE BF A SIXDEGREE SSF -FREECSM MOTIEBN SIMUe 
LATFS FAR VTBL KAVERING RASKSts NASA TXoD=53834 AUGLSTs 19696 


* ABSTRACT * 
a Fyleted, SIxeCEeGREEeGFeFReEDEM MATION SIMULATER HAS BEEN 
EVALUATED wlTr REGARD T8 ITS ABILITY TS SIMULATE vT8L VISUAL 
FEVERING TASKS. CRARACTERISTICS BF THe VARIABLESSTABILITY JET 
LIFT BELL Xe14A AIRCRAFT WERE SIMULATED AND RESULTS FER THE 
ReLL aNC FITCk AxeS WERE COMPARED wITH FLIGHT DATA, THE ROLLA 
AxTS Cata WERE alL§® COMFaRED WITrk DaTA FREM TWO AND SINGLE 
neGroe af FReepeaM SIMULAT@RS. 


CeNtSeL FPa*ER AND CAMPING ReEGUIREMENTS FAR THe RSLL AND PITCH 
Ayes CAMPARED veRY well WITH FLIGHT CATA, THe SIMULATORS 
Maryan GuaALITY Kas CONS OERED BUTSpARDING FAR v7Sb HOVERING 
Flight, ITS TRAyel LIMITS WeRE LARGE ENOUGH TE SIMULATE HOyER. 
MaNeUyeR TASKS 6N A 6NELTOLENE SCALE, THAT IS, WITH BUT THE 
Neel FIR ANY ATTENLATION BF THE CRIve SIGNALS, 


RELL LateRalL wO7IONS (TwO.0eGREEWBF FREEDOM eB ee GAVE 
ESSE\TIALLY The SAME RESULTS AS SIXeDEGREES OPERATION FOR 
cyALUATIAN SF R@LLAAXIS MANeUvERS, 


PPUPrererererOEPTUSCTCCSOCLOSCC OSES CREST SET ET RCAC AAP eA 8 


FLIT, Ig, *ILLIGeS, RC, AND ROSCBE, S.No UNIVERSITY SF ILLIe 
NBTS, LARANAeCHANPAIGN, 'ATRCRAFT SIMULATOR MBTIGN AND THE 
sees BF MERIT BF FLIGHT ATTITUDE AND STEERING GUIDANCE OIS. 
eLAySre IN HUMAN FACTORS, y8lLe>e 17(4)4 19752 PAGES 388°400+ 


* ABSTRACT *# 
TRERTYSF ALR NBR PyLAT Meese SUBUECTS WERE TESTED ON THReE 
FLIGHy yaSKS WHILE FLYING FOUR BaSIC AIRCRAFT ATTITUDE 
PRES -NT ay IONS (MOVING HORIZON, MOVING ATRPLANE, FREGUENCY 
Se atateD ANC KINALOG) IN A LEGHT TWINJENGING AIRCRAFT 
SIMU _ATIR PROYVICING TRRee LeveLS OF MOTION CUES (NO MOTIBN, 
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STANDARL GATea MATIAN, AND WASHOUT MOTION) « THE FLIGHT TASKS 
INVOLVEL CANFLICTING VISUAL AND VeESTIBLLAR CUgS AND INCLUDED 
CISTURBED ATTITLOE TRACKING, COMMaND FLIGHT PATH TRACKING IN 
PeTe PLASLIT ANC Core ceo M6DeS, AND A SERIES 6F RECOVERY 
TRIaLs FREY CysCRete UNKNOWN ati Tubes, T& PR APE A BASIS FOR 
CeYFaRICAN, Tre PRESENT SIMULATESR SypUDy CLOSELY REPLICATED THe 
FRECeEDURES Us_eD IN THE ResCee ANC WyLLyGeS (4973) FLIGHT 
EXFoRIMENT, The FREQUENCYASEPARATED DISPLAY PROVIDED 

FERS 6RM~NCeS at LeaSt EGUIValeNT AND IN SOME CASES SUPERIBR TO 
TE9G— SEPAINED wy th pee CONVeENTIGNal MayvING HeR{ZEN DISPLAY, 
FIT“ER TYPe SF SIMULATOR MS7ION ReSULTeD IN BeTTER DISTURBED 
ATTITLCE TRACKING PeRFARMANCE THAN NO MATIGN, ANO WASHOUT 
METIAN FROVICEO STEseet re CBNTROL RESPBNSES JN ReECBVERY FREM 
UNKR BAN RPTTTEE S Peasy ChL6scLY CARReSPANDING 76 THese BBTAINED 
tN FlLyrGrkr,. Iy7 aS CaNCLUOcH kat CaRe MUST B USeD JIN 

GeXeRal ZING grhLLateR ResULTS TA FLYING PeERFERMANCe WHEN NG 
FRYSrCal POTISN Clcs BR TNaPPROPRyare ONES ARE PRESENT IN The 


SIMLLATER® 
TORRE C CECE ESSE ESSCOCL ECS TE PSS ECTS ECR CST CET PS TST SS TTT EE Se YD 


FLLLER, ReGe AN EVALUATION BF THe FIDELITY SF MOTION SIMULATORS 
LSING a MO@CEL BF HUMAN CYNAMIC GRIENTATIEON, NAVAL POSTGRADUATE 
SCKASL, MONTEREY, CALIFORNIA. MASTER!S THESIS; SEPTEMBER 1977 


* ABSTRACT # . 
4 DETERMINISTIC SIMULATION USING A MODEL BF HUMAN DYNAMIC GRIENe 
TATION YAS WRITE N 78 SFTIMIZE 3 PARAMETERS 8F THe MOTION BASE 
CastRek sY¥STeM Br A SIxeCEGREE-OF 6FReEEDOM FLIGHT SIMULATOR, AN 
ExreRIM NT ReGUIRING PILOTS TBS Bate DIFFERENT LEVELS 8F MOTIEN 
1PeLiry CURING a EaSIC FLIGHT TAS PREV TDED A DATA BASE FSR ‘ 
VALICATIAGN SF Tke SIMULATION, RATINGS aeTWEEN SUBYECTS Fer LIN. 
cAR, ROTATIGNAL, AND COMBINED MOTION CUcS WeRe INCONSISTENT DUE, 
IN FART, T9 The SUBJECTS: LACK 8F EXPERIENCE IN THE Feoi5 AIRQ 
CRAFT AND PROFICIENCY IN FIGH PERFORMANCE AIRCRAFT, THE COEFFIe 
CTeENtT GF CANCBRCANCE AMGNG SUBWECTS FAR THE THREE RATINGS WERE 
°4483, 04835, AND ©6944, RESPECTIVELY* COMPARISON BF SIMULATION 
ReSLLTS wITH exeeRIMENTAL DATA YIELDED POSITIVE CORRELATIENS AS 
KIGF aS .5138 FESPONSE OF THE SIMULATION TO CHANGING WASH-8UT 
FILTER PARAMETERS KAS INVESTIGATED AND FEUND 76 BE ADAPTABLE TA 
EXPERIMENTAL OPTIMIZATION MeTHOCS, 


Poe TEP EO TESS OSE TERE SES EES SSE TTR SETS ERT ESS TAPP TSR AT Th SD 


GAGKE, &,¥,. TRAINING DevICeS ANC SIMULATERS; SOME RESEARCH 
ISSLES. AMERICAN FSYCHOLBGISTs VOL>e 9, NOe 3, PPe 95"107, 
MARCh 4954 


* ABSTRACT # 
TRIS PAPER ATTEMPTS TO CESCRIBE AND CLAIRFY S@ME RESEARCH 
1SSL¢S WHICH BE CUR IN CONNECTISN WITH THe OeveLOPMENT, USE AND 
EvALLATIAN OF TRAINING CevICESe ThE PURPOSE Is TO SEE WHETHER 
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SUCK CLARIFICATION CAN REVEAL A FRAMEWGRK FER PSYCHBLEGICAL 
RESEARCk IN TRE TRAINING CEVICES AREA} 

HT TS MAINTAINED TRAT TRE KINDS 8F UTILIZATION BF TRAINING 
PEVICES ARE TwO@: PERFORMANCE “MEASUREMENT AND PERF 8RMANCE 
IMERAYVEME NTs ALTRALGR TRE TWS LSES ARE FREQUENTLY MADE 6F A 
SINCLE FIECE @F EGUIPMENTs THEY MAY BE DISTINGUISHED 
PaARYICLLaRLY IN TrE CKARACTERISTICS BF THE DEVICE WHICH ARE 
ESSENTIAL FER EACK PURPQSEe WHER THE DEVICE 1S USED FOR 
PERBARMAYCE MEASUREMENT, THE I’POARTANT CHARACTERISTICS ARE 
RELIARILTTY ANC VALIDITYse WHEN TRE DEVICE IS EMPLOYED FBR 
IVPRSyING PERFSRwaKces, SN THE STRER HANg, THE CHARACTERISTIC 6F 
IMPARTANCE IS TrE AMOUNT BF TRANSFER BF LEARNING T@ AN 
SPFRATI@: AL TASK. IN EITHER CASE, DEGREE SF SIMULATION f 
BECEMES + SECBNCARY CONSICERATISK, 


wHEN BNE CUNSIDERS THESE PURPOSES, SOME OF The GBPPERTUNITIES 
FAR ReSeuRCH BN TRAINING DeyICES BECEME APPARENT. 68N THe SIDE 
aF MeTRerelaGy, The RANGE OF TKESE PRAALEMS INCLULES JB 
ANALYSIS, TRAINING, PROFICIENCY MEASUREMENT AND CRITERION 
SevelerreNT. ON Te SICE BF TREBRY, GLESTIONS MENTIONED IN The 
PReeceat CrsClssyAnN yNCLUDE THOSE OF The STRUCTURE SF SKkILLs, 
tHe CeteRMINANTS GF HUMAN yARIABILITY, ReLaATIG@N\SHIPS OF SeT AND 
MOTIVATION TE LEARNING, AND THE MECHANISMS GF TRANSFER GF 


LEARNING. 
CeCe PCC eee ee Pee ee ee ee ee ee ee he ee ee ae 


@ALLAGKER, WdeTe RequIRemMeNTS 8N SIMULATARS UsgeD IN HANDLING 
GLALITIES RESEARCK. AIAA PAPER 794353, 'AIAA VISLAL AND MBTION 
SIMLLATISN TECHNSLOGY CANFERENCE!, CAPE CANAVERAL, Fly MAR 46048 
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* ABSTRACT * 
the \§87HROP LaRGe aMPLTUDe geaxIS FLiGHy SIMLLATAR AND yHe 
NARy4Rae SOyATION AS geAxIS FLIGHT SyMULaTER ake DiscUsseO IN 
SLFFICTeNT Ueyarl 76 PRéy1Oe 4 BastS FER UNDERSTANOING The 
CekcpRarNTS PlLaCel ON VakIO sr*ULaTyON WHEN USING EXISTING 
ERILNCEaSeD SIMULATION EGUIPMENT, THe PRYsical C NSTRAINTS 
aRe ALpkyNeO aNC Me HODELOGY 1S DysCUSsPeD WHICH HaS BeeN 
PeVelLSPe> AT NORTHRAP FOR ORIVING THE v{SUal DISPLay AND 
MATIAK SYSTEMS TO MINIM] ZE THE IMPACT AF THE CONSTRAINTS. IT 
IS SKA“N TRAT Tee SAME BASIC TECHNIQUE BF DRIVING THe HARDWARE 
1S SarISFaCTORY FOR e6 Tr SIMULATBRS, IN EXPLAINING THE CRIVE 
tTeChNGle, A SIMPLE MODEL BF THE SENSING MECHANISMS OF Tre 
VeSTIGLLaR SYSteh 1S USEC, WHILE THIS MBDEL HAS BEEN USEFUL 
TN UNCERSTANCTNG The PHYSICS OF THe TECHNIGUE, A WAY HAS NOT 
Geen FALNC Yet T6 TAKE ACVANTAGE OF THe vESTIBLLAR SYSTEr 
CEeSCR Pr ON TA ESTABLISH THe DYNAMIC PERFORMANCE REQUIREC OF 
TRE ELEMENTS IN The MOTIGN AND VISUAL DISPLAY SYSTEM, THE 
eLCCegs AF The CRyVe SCheME DEPENDS 9N SUBJECTIVE SBSERVATIBNS 
°F test PILOTS WHICH ALLOW FILTERS USED IN Tee ORI ves Te BE 
eQ%peRLy SET IN TERMS Ge GAIN AND BREAK FREQUENCY. IT IS 
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SH WN TREAT Tre FILTER ChkaRaCTERISTICS aRe NOT ONLY DETERMINED 
SLI CeCTIVELY BLT ARE TASK DEPENDENT. ThO EXPERIMENTS C8NDUC T_eD 
9N Tre SIMULATORS ARE BRIEFLY DISCUSSED Te PREevVIDE séeME 
ASSLRANCE THAT THE DRIVE TECKNIGUE WORKS WITHIN THE CONSTRAINTS 
SF SLBSECTIVITY AND TASK DEPENDENCE s i 


FELLAwING THIS, TRE FIRST @F A SERIES SF_EXPERIMENTS BEING 
CANCLCTED SN THE LARGE AMPLYTUDE 3eaXIS FLIGHT SIMULATOR T6 
DeVEL@F A RATIONALE FAR MOTIBN AND VISUAL DISPLAY DRIVES FOR 
MAVING BASE SIMLLATARS IS DySCLSSED IN WHICH a COMPREHENSIVE 
SIMLLATIAN BF Tre CORNELL Te33 INFLIGHT SIMULATOR (4) HAS BEEN 
METRANIZECD ANC IS BEING FLOWN 9N THE NORTHROP LARGE AMPLITUDE 
3-AX1S FLIGHT SJMLLATOR,. FLIGHT EXPERIMENTS REPORTED IN 

REF (4) HAVE BEEN REPEATED BN The SIMULATBR, PILOT RATING 
CENTRAL SENSITIVITY, ANC PILA@T COMMENTS ARE SHOWN TE JUSTIFY 
TR= MeTRAE OF INTEGRATING THe MATHEMATICAL MODEL OF THE Te33, 
TEE MATION SYSTEM, AND ThE vISYAL DISPLAY SYSTEM BF THE 
SIMLLATARe FOLLOWING THESE PRELIMINARY EXPERIMENTS, 
CeMEREFENSIVE TESTING WILL Be CONDUCTED Te PRev]DE a CaTaLaGue 
8F CRiye SYSTEM CHARACTERISTICS WHICH ARE TASK=DEPENDENT AND 
CaN Be Used IN aPPLyCaTy6N 6F MOy ONeBASE SIMULATORS 78 
haNCLINs GUALITIE¢S RESEARCH, ; 


BaScC EN EXPERIENCE IN THIS WORK, IT IS SUGGESTED THAT A MIx OF 
sy*ULarars Be Used 7A STUDY THe bREBLEMS ASS6CIATED WITH 
FrGkyeh BOMBER MISSTON EFFECTIVENESS AND HANDLING QUaLITIES, 
(altar; GUBTATIANS BURS.) 


BEF (4) AFFOLeTR-67"983 INFLIGHT EVALUATION 6F LATERAL 
CrReCtyanak haNCL NG GUalLitres FAR THe FIGHTER MISSIBN 


#ALSS IN tJe AIRCRAFT! vOlegs NOe yi NOV 1971 
eee ee ol Pre ee SPCCCCOCSOCL ECE S TPR EEE ECS SP CPR PR ee hl 


GALLAGHER, JUeTe ANC NELSON, We LSE OF SIMULATERS IN THE DESIGN 
ANC DeveLOPMENT OF FLIGrT CONTROL SySTemMS, 1SOClETY BF AUTEMB. 
TIVE ENGINEERS, tNATIENAL AEROSPACE ENGINEERING AND MANUFACTURe 
ING MeeTING!, LOS ANGELES, CALIFORNIA, OCTOBER 16°18, 1973, 
FAPER \Ge 7309336 


* ABSTRACT * 
ReCeny ADVANCES IN THe CESIGN AND DevELSPMENT OF MOTION 
SIMULATORS, VISLéL DISPLAY SYSTEMS, ARTIFICIAL FORCE PREOUCERS, 
AND COMPUTER CAP/BILITY RAVE ENHANCED ThE EFFECTIVENESS OF 
GRALACeRASEC SIMLLATORS IN THE DESIGN PROCESS, AT NERTHREP, 
A SySrevaTIC IMPFAVEMEST IN SIMULATA@R SUBSYSTEMS HAS RESULTED 
IN Tee cXISTENCE SF THE NORTHROP LARGE AMPLITUDE THREE*AXIS 
FLIGHT SIMLLATER wbIChK FAS ¢ DEGREES OF FREEDBMse TrkE SIMULATOR 
TS A SIINIFICANT OBL IN THe DESIGN OF FLIGHT CONTRBL SYSTEMS, 
FARTICLLARLY IN TACAY#S ENVTRANMENT WHER THe AEROSPACE 
TNOLUSTRyY IS ATTEMPTING 16 EXTENC THe PERFORMANCE ENVELOPES OF 
17S PREDUCTS THROUGr The LS_e BF NANCBNVENTIONAL CONF TGURATIBNS 
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ANE RACICAL FLIGRT CSNTRBL SYSTEM CANCEPTSe SME EXAMPLES ARE 
FRESEATED IN THIS PAPER TB DEMONSTRATE THE CONTRIBUTION THAT 
TRE ABRTKRAP LARGE AMPLITUDE THREE eAXIS FLIGHT SIMULATOR JS 
MAKING JN TRE YF ey? PRAGRAM TA THE SGLUTIAN GF CURRENT FLIGHT 
CANTREL SYSTEM PRBBLEMS TRKAT ARE NOT SALUBLE BY ANALYTICAL 
TECEHNIGLES > 


4 HHH HHH EHH HEHEHE HEHE 


GALLAGKERs PeDe, HUNT» ReAo ANC WILLIGES,» RieiGie A REGRESSION 
APPRHACR TS GENERATE AIRCRAFT PREDICTAR INFORMATION. AVIATION 
RESEARCh LABARATORY INSTITUTE SF AVIATION, UNIVERSITY OF ILLIe 
MAIS, SAVOYe FAR THE OFFICE OF NAVAL RESEARCH. TECRNICAL REPORT 
\Be ARL=76"11/8NR=76"22 VULY 19766 


* ABSTRACT * 
a PRecrCreR CySPLaY SHAKS THe HUMAN BPERATAR FUTURE 
TANSeGuUeNCES BF KIS IMMEDIATE CONTROL INPUT, A CONTACT ANALGG 
arTRCRaFr CISPLay IS DESCRIBE IN WHICH AN AIRPLaNEeL IKE 
*ReECTCTSR SYMBOL CEPICTS FUTURE AIRPLANE PESITIIN AND 
IRTENTATION, Tre STANDARD meTHED FOR GBTAINING The PREDICTOR 
INF6R™ATION IS TO USE A COMPLETE, FAST-TIME MOCEL OF THE 
TANTRALLEC VEKICLE. AN ALTERNATIVE APPROACH IS PRESENTED IN 
THIS PAPCR IN weICk LEAST SQUARES, FIRST BRODER, LINEAR 
sPPRAyxIMaTIONS FAR GACH OF yHe SIx DeGReeS BF FREEDaM BF 
vIRCRAFy MOTION WeRe CALCULATES, THIRTEEN VARIABLES 
UePRESENTING ChANGES IN POSITIONS AND Rate OF CHANGE OF 
ZASITIOAS weERE SELECTED AS PARAMETERS FOR THE PREDICTION 
-GLATIENS, SEPARATE SETS OF EQUATISNS weRE DETERMINED FOR 
7) 14, ANC 24 SECONDS PRECICTION TIMES AND CBNTINUBUS 4 AND 3 
SeCAnCs CONTROL NeUTRALYZATIEGN ASSUMPT ON rinee The 
abvaNtaGeS ANC CrSaCvANT AGEs OF THIS ReGRESST6N APPRBACH ARe 


CISCUSSERe 
PEPE Pee CeCe ee eS ee AE 2k dk dd bk teak hee Bee mete te tet od 


ZARREN, GeFes GR,, AND ASSADOURTAN, A, VTGL HETGHT.CONTROL Re, 
SLTReMeN eS IN BOVERING aS DeTERMINED FROM MOTION SIMULATOR 
SpLCY, tNATIONAL aeRONALTICS ANC SPaCe ADMINISTRATION! TECH, 


NATE TN 0*°1488s BCT 19626¢ 


* ABSTRACT * 
“ETGKT-CUNTRBL REGUIREMENTS WITH RESPECy TS BPTIMUM CBNTROL 
SENSITIVITYs MAXIMUM THRUSTeWEIGHY RATIG, VERTICAL eVELBCI TY 
SaAMPING, CANTROLSSYSTEM TIMe DELAY, AND GROUND EFFECT HAVE. BEEN 
INVESTIGATED FOR STILL aIR, ThE EVALUATIGON WAS BASED ON THE 
CedsReLLaBIbkiryy PRAv[OED BY caCkK tesT COMBINATION DURING JHE 
exeCUy1es BF SMa~LL Buy RaPID ANC Precise ALTITUDE CHANGES, 
SATISFACTORY CONTROL FAR A WeLL.DAM a AIRCRAFT WAS SBTAINED BY 
A MINIMLY THRUSTeWEIGHT RATIO SF APPROXIMATELY 1008 WITHOUT 
PeNeFIT 8F STORED ENERGY, A DAMPING-MASS RATIO SF ABBUT Oee 
FeR S¢CAND Was FOUND 70 Be aq MINIMUM 78 BETAIN SATISFACTORY 
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CANTSL. INTREDLCTION BF A CONTROL eSYSteEM TIMe DELAY RESULTED 
tT’ a RapyO Oe7-RyeRaTION IN HOVERING CeNzRellLaBrtiry, The 

ACCT TISN OF STABLE GRALND REFECT 78 ye SIMULATION SLIGHTLY 
IMPREveC The FiveRING CONTRALLABILITY FeR all tHe CANDI TIONS GF 
CAMFING TESTEC- 


Lr rrrr rr rrr rerrrerrercreerrerCCcOCC£ Oe eS eee Te eT T TSS ES 


GASTRACK, BeAs AND PLRTAN, R, tLyMrTED NAVY EVALUATION OF HE 
Se3A wEAPSNS SYSTEM TRAINER (uot (DEVICE ef 9 yte NAyAL AIR TEST 
CeXTER, PATUXE'T RIVER MD, REPORT NO. NATCe Fates JUNE 4974 


I L was CON ucr er eoe RM UrTAB Y @F 

THIS EVALLATIB* Ss CUCTeD T8 OD 'rNE SUITA be 
«ST FAR SPERATIONAL LSE aS EN Soar RPL ANE AND aga tacticaL’ 
TRAINING CevIC,, Tke Seg3A WST EXHIBITED HIGH BS TENT {At FBR 
Sagaszash MISSION pACTICAL TRAINING UPEN CORRECTION GF CERTAIN 
DEFICIENCIES. TRE EXCELLENT SIMULATION OF AIRCRAFT MOTION 

CleS 1S ah ENFANCING CHARACTERISTIC BF yHe Sega WSR WHICH 
SHALLE Be INCOHPBRATED IN FUTURE FLIGHT SIMULATIONS, THE MAJOR 
ef IC ene IES CisCOvere? weRe DOUe 76 CONTROL SYSTED AND 
AcRADY\aMIC SyhLL ATION CISCREPANC IES. tHe MOST SIGNIFICANT 

Re SETS ARES SIMULATION DEFICIENCY WaS ITS INABILITY T8 SIMULATE 
TFe S7aLlL CHaRsCreRISTICS OF THE Se3A, CONTREL SYSTEM 
CySCR_apnCtes cestlqg0 ys LaTeRAl ANO LONGI TUOINAL CONTRBEL 
SeSSITIVITY PROBLEMS ANC UNREALISTIC CONTROL MOVEMENTS DURING 
TFE APPRAACH art EAnOING PHASE e 


POC rererrercrerrMTPCCCCSOOCS OTC SCRE SS TTR Pe ee 


Aeve GiY8N = METITON SIMULATOR 
PATENT NO@e 3925690936 
FILED .6ve 26% 1968 GRANTED FEBe 2s 4974 


\8 ABSTRACT 


PoC CeCe TCC EPS SC Ce C PCT CCE ST CST TT PPPS TTP TPT TFT AT PTAA TPA he  O 


GETSSE» Yehe © aVIATION GROUND TRAINING MACHINE 
FATENT NBe 20523,322 


FILED MAY 22% 4942 GRANTED YULY 649 4943 

N@ ABSTRACT 

PoC TCP TPT CCC CCCP PCC ECCT E TTC Ce CT CPT TTP TTP Fh oD 8 
Sem, GEISSE + SYNTRETIC FLIGHT TRAINERS 


FATENT KOBe 219249028 
CATE FILEC = CAN yos 1958 DATE GRANTED # FEBe Se 1960 
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GCELOaRl, FeAe 'TRKE HUMAN SENSES'e« NEW YORKS GOREN WILEYs 19726 


# ABSTRACT * 
The RUMAN SENSES aRE TREATED PSYCHBLOGICALLY, PESYCHEPHYSICALLY, 
ANC AcLRSPEYSTALAGICALLY. THRSUGHSUT, THE GSAL IS MAINTAINED 
RF EVALLATING Tree PRESENT STANCE IN SENSORY PSYCHOPHYSI6BLEGY. 
TEE CHAPTERS CBACERNING!S 'THE SKIN AND ITS STIMULI', 'PRESSURE 
SENSITIVITY 's "KINESTHETIC AND S8RGANIC SENSIBILITIESt, ANDO 
"'VESTIGLLAR® SENSITIVITY! ARE OF PAPTICULAR INTEREST IN THE 
STLEY SF MSTIBN SIMULATIONe 


OEE HEH HHH HEHEHE EH KHER HHH HH HEE 


GELLER, ReEes SMITH, UeFes KRON, Gedo, BOIERNA, AeVe AND MENDES, 
eeGe FUTLRE UNCERGRADUATE PILOT TRAINING (UPT) STUDY. PHASE JI 
SLMMaRY PEFORT, APPENDIX II, VOL. Ils REPGRT LRe 2391 8°2"VGbe2, 

acR@NalrtCal SYSteMS Dive, WRIGHTAPATTERSON AFT, SH, ADexge ago, 


FEP 19716 ~ 


* ABSTRACT * 


The Resets IACLUCED IN ThIS yOLUMe DACLMENT RESEARCH CONDUCTED 
TS FRAVINE aN ASSeSSMEeNyT GF SIMULATION REQUIREMENTS AND 
teCeNeLAGY TA AID IN SELECTING CANDIDAre SYSteMS FER THe 


19781959 TIiMe FRAME. The FOLLOWING TOPICS ARE COVERED; 
(1) SIMULATIAK REGUIREMENTS AND TECHNELEGY 

(2) FIDELITY BF AIRCRAFT SIMULATIAN 

(2) SIMU).ATION BF MOTIGN 

(4) VISLAL SIMULATIAN 

(5) SUBSYSTEM RESEARCK 

(6) EVALUATIAN BF ACAPTIVE TRAINING 

(7) StHER TRAINING FEATURES 

(3) CSMP.TE? ReGurRemMeNTS AND TECHNOLOGY. 


TRF ee eT PEP eC PCCP CSE LESTE SEPT SPP Pe SPP PP CPAP PT SD 


teRarkewHel, Sou, 'FIDELITY BF SyMULAT ON AND TRANSFER GF 
TRAINING! A Review SF yHe PROSLEM! i eee 6F TRaNSPGRTAe} 
rrSn, F He AVIATION AOMINISTRATION, OFFICE BF AVIATION MEDI, 
“ENE « E EMEER y9690 REPBRT NS3e AM 69404 


» ABSTRACT * 
tN GentcRal I7 Can Be STaqe® THAT tHe avBUNT OF SaNsF ER “ 
sxPeegec 79 OCCUR IK FLIGHT SIMULATOR APPLICaTION SreMS 78 Be ) 
RA pee rnhal as) The Oe one QF FIDeL TY PRAVIDED, ALTHOUGH 
AP lraSk SIMULATORS ARe SUALLY Cress eXPENSIVeE AND 6F L&wWeER 
FTCelrrY TRAN WeOLeE.TASK SIMULATORS, THEY CAN Be vERY USEFUL 
FAR the | EARNING 5F SPECIFIC TASKS, HOWEVER, THEIR SHORT. 
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CAMINGS, AS CLEAXLY DEMBNSTRATED BY ADAMS CAN BE TRaCED BaCK Te 
THE LaCk BF FyDel ytY, PaRTICULARLY IN SyMULaryNG MO7TIEN, 


1T SEEMS THAT Ter RHEL TASK FLIGHT Sivee Ayes DeRIVes iTS 
ADVANTAGES AS A TRAINING DevICe PRIMARILY FROM TH 
TNCBRFARATION BF MOTION CUcS, IF zHe aDDITION BF COMPLEX 
MATIAN veCTORS ISCReaSeS THe FICeLrTY BF THe SIMULATION AND 
CéOes N87 ReSllLy :N SPLRISBLS STIMULI, THE VARIOUS PERCEPTUAL 
EbENAMENA, PEYSISLOGICAL EFFECTS AND PeRFORMANCE CHANGES 
BBSeRyeC T\ COMFLex SIMULATORS INDICATE THAT IT IS THE 
FoYEhataG[®, FHYcTeLAGIC, aND SPeRayIOKal Realrsm WryCH 
CeTeRMINe FICeLyTY IN SIMLLaTIBN aND NOz FaCe VALIDITY BASED 
SN FRkysyCal syMyl aRyTY 6F THe CeviCes. 


THERE ARe TWH ACCITIONAL FACTORS WHICH MUST Be MENTIONED IN 
THIS CANTEXT, Kab elds MOTIVATISN aND DaNGeR, ae HAS POINTED 
SUT that A CERTAl Ce GREE BF STRESS IS NeCeSSaRy_ IN ORDER 7O 
MOTIVATE 15 FIL’ 7 WHE WORKS IN ie? SrmucaTeR, PrYSTCaL 
IDeNt Ty AGSNe yo NO7 ENGUGH 79 GE ERATE MOTI yATIGN aND 
ACCEPTANCE « Me eveop WHe THER DaNGe MUST Be INV6LVED IN 
PRCER 7A FROOLCe FrUelLITY 1S NOT caSY TA ANSWER, EXPERIENCE 

tN the TRAINING “F aSTRONAUTS aRenS T6 INDICATE THat YaNG_eR JS 
NOT a NeCESSARY PREREQUISITE FOR tHe TRANSFER OF TRAINING, 


1s CLesyNG IT 1S RECOMMENDED THaT AN OPTIMUM DeGRee OF FIDELITY 

Pe eRevrte” IN @&DER 78 BBTAIN A MAXIMUM AMBUNT OF TRANSFER, 

IN CERTAIN INSTANCES, TRIS CAN Be ACHIeveD SIMPLY By PART.TASK 

stMULatIah; IN Mist CaSeS, HOWeveR, THe USe 8F A WHOLE-TASK OR 
ves INFLIGHT FLIGhy S1PULaTORS May a BPrIMUM, THIS LATTER 

F 1Ce Cah PRevy'¢ FOR re H1GHeSy7 DeGRee OF FIDELITY, BUT IT 

1& Gck RaliY TH Rest COMPLEX FOMPLICAS D ANO ¢XPENSIVE TYPE 

8F SIMULATOR, Far CERTAIN TYPES 6F TRAINING FER Ex AMPLE 

Sst PIL87 TRAINING, A COMBINATION 8F GROUND. BaSeD WHELETASK 

ANS INFLIGHT SIMULATORS WILL BE USED, THIS APPROACH IS 

STRapGky FIRWARC BY PROCEEDING FROM THe AIRCRAFT WHICH IS 

APPARENTLY EASIE2 TE HANDLE THAN THe MARE DIFFICULT ONe, If 

IS BASED BN Tee BEST JUCGEMENTS OF QUALIFIED TEST PILOTS AND 6N 

FaCe yALICITY, A&A GENERAL SCIENTIFIC THEORY WHICH ACCURATELY 
FRECICTS THe BPTIMLM DEGREE SF FIDELITY NeeDED TS ACHIEVE ThE 

MAXIMUM AF TRANSFER IN FLIGHT TRAINING HAS STILL TO BE 


CEVELOFED 


errr er TerTOPUCUPCeCE CSP eee TTR ETE TCE RPT TC PAP Ph 8 8 


reRCes, Re, A SILOTED MOTION SIMULATER INVESTIGATION OF VTOL 
bEIGHTSCANTROL R=GUIREMENTS, NASAeTN=Dao45ys AUGUST 19646 


* ABSTRACT # 
\ MByINgGeCICKeIT PILOTEC SIMULAT6R WAS USED TE INVESTIGATE 
VTAL ATRCRAFT FeTGhT CONTROL REGUIREMENTS DURING HOVER, PILET 
PPINT@N RATINGS WeRe USEC Te DETERMINE THE RELATIONSHIPS OF 
CaNtRAL P6wER, CAMPING, AND TIME CONSTANT IN REALISTIC vTeL 
KAveRING TASKS, The MINIMUM UPWARD ACCELERATION FER tNORMAL 
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SFERATION' wAS FOLNC TE BE 4546066 WHILE MINIMUM ACCEPTABLE SAFE 
PEO RATIA@N wAS CETERMINEC TS BE BETWEEN 4¢02G AND 1+03Ge 

MINIM”LD DAMPIAG LEVELS FAR NA@RMAL BPERATION wWeErE DEPENDENT 6N 
CANTRAL SYSTEM TIME CANSTANT wheEN @PERATING WITH HIGH TRRUST-TE@ 
sETGRT RATIOS. ACCEPTABLE CSNTROL GF ALTITUDE CBULD BE 
MATATAINGFC IN TEE EVENT GF ARTIFICIAL VERTICAL DAMPER FAILURE 
AS LFNG AS TRE CANTRBL SYSTEM TIME CBNSTANT REFAINED BELOW 0037 
SECAKCe MINIMUM ACCEPTABLE CONTROL POWER Was FOUND TOA DEPEND 
8K Tee VoRTICAL VeL@CITY RESPONSE DURING LIFT*EFF AND 

TALCKCAW, MANEUVERS. HAVERING STEADINESS TEST WITR ZERO 
vELACITY CAMPING INDICATED a TENDENCY 18 SVERSC3INTREL AT TIME 
CANSTANTS ABBVE CoG SECBND WHILE THE PILOT'S FULL ATTENTION 

waS ReclrReD at 12 SECONDS, ThE RELATIVE IMPEXTANCE BF 
CaCkPyy “S8TION aND vIS¥al DysPLaY IN CaRReELATING SIMULATOR AND 
FLIGKT DATA WAS BRIEFLY INVESTIGATEDe 


PT RE eC eC eRe REESE Ce ee PPP PPP CP A Oe eee eee eee eee eee ee ee ee 


GERCESs FeMe AND WEICKs ReF, A PRELIMINARY PILSTED SIMULATBER 
aNC FLIGHT STLOY OF HEIGHT CANTROL REQUIREMENTS FOR vTeh AlRe 
CRAFT, "ATIONAL AERONALTICS ANC SPACE ADMINISTRATION, WASHING. 
TAN, CeCe» TECHNICAL NOTE Dey20i14 FEBRUARY 1962s 20 PP 

AD 272 13Ce 


* ABSTRACT * 
a FryeDePaSe PILOTED FLIGHT SIMULATOR waS USED IN A PRELIMINARY 
TSveSTIGsTION SF REGUIREMEN?S FOR vyrOL AIRCRAFT ALTITUDE 
CAXTR5L, Pyler BFINIGN RATINGS WeRe Used TE DETERMINE THe 
ReLatyeNcFIPS SF CANTREL SENSITIVITY, AND CONTROL POWER TO 
PaMETNG FOR Bark ABRMAL FE Gis AND SATISFACTORY CONTROL 
ChARACTE©ISTICS, CONTROL PAWeR SHOULD 3¢ CAPABLe 6F PRODUCING 
AT LEAST 14e2G UPWARC ACCeELERATISN FOR NORMAL FLIGHT AND AT 
LeaS7 14-6 G FAR phe AUGMENTATION FAILURE FLIGhT CONDITISN, 
a MrnyhUh CAMPING LEWES 1S ABOUT «0.35 PER SECOND FBR NORMAL 
FLIGHy, FLIGHT RESULTS BBTAINED WITH THREE vT68L AIRCRAFT WeR 
TN ReaS@haBl_e aGReeMeNT WITH T E SIMULATOR DATA, THe INFLUENEE 
BF CANTRAL ReSPANSe TIMe CONSTARKT AND GRAUND EFFECT IN SHIFTING 
BaSrC PyLOr SFINTON BBURCAR ES WAS ALSB INVESTIGATED ON THE 
cy¥LLaTe®. CantRel ResFeNse TINE CANSTANT ResTRICTs THE 
PAN TRAL pOLNDARres, PARTICULARLY IN THe CASE WHERE HIGH CON7ROL 
Pehee antl LO CaMPING Levels OR BETH EXIST. INTRODUCTION OF 
FESTrIve GRBUND EFFECT CHARACTERISTICS INTE THE HE TGHTeCUNTREL 
SySterw ReSlLTeD IN A MARKED IMPROVEMENT IN PILOT OPINION 
RATINGS, 8heveR, rT WAS FOUND THatT ADDITIONAL CAMPING was 
FeGlrReC 18 COPe WITH The SSCILLATERY HAVERING BEHAVIOR 
tTNCLCED at Levels 8F CENTRAL PBwWER ABBVE 402 Ge NEGATIVE 
CROLAC eFFECT WaS ReSPONSIBL_e FER A RAPID DeTERISRATION IN 
ReTGky CONTROLLABILITY; ExCESSIVE SINK RATES were Deve OrED 
wREN KEGATIVE GRAURD EFFECT WAS C@MBINED WITH LEW CENTRAL 
FAWER. 


RHF HHE EHH PEPE PROT LL LS Le Bd E Sd. bd ded behtedieieeiete deed ieteh bobbed 
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C]RRS, Cele THE CANTINUBLS REGULATION BF SKILLED RESPONSE BY 
KINAESTRKETIC FEEDRBACKe 'BRITISR JAURNAL OF PSYChOLOGY's VEL 
45°46, 19£4"55, PF 240396 


* ABSTRACT *# 
NINETY FIVE NORMAL SUBJECTS AND @NE TABETIC PATIENT WERE 
TESTED IN EXPERIMENTS “RICH WERE DESIGNED TO ALTER SYSTEMe 
ATICALLY TRE RESPOAKSE IN A VISUBeMBTER SKILL AND THERESY, T6 
ALTER The PROPRISCEPTIVE CISCHARGE IN THE CONTROLLING MUSCLES. 


Tw TYPES BF VBYSTICK WERE USED TE CONTROL THE OUTPLT OF A 
VELECITY CANTREL SERVE MECHANISM IN A TRACKING TASK, O8NE LEVER 
hAS BF TRE NORMAL FREE@MEVING TYPE, ANC THERE THE MUSCULAR 
CANTRACTIGNS wEFE ISETESAIC WHEN THE SUBYECT WAS MAKING 
CANTRALLEC ResPenses BY CISPLACING THE LEVER. THE BTHER HAD 
STRAKG SPRING CENTERING, BUT IT COULD BE DEFLECTED SLIGHTLY 

Ay aAPELYING PResslRe, SB THaT The CONTROLLED CONTRACTIONS SF 
MUSCLE WERE VIRTUALLY IS6MeTRIC. CHANGES OF LIMB POSITION aND 
ChANGES JN Tee FORCE EXERTED BY THE LIME COULD THEREFORE BE 
CAaMEaREC, USING TRE CRITERIA 6F SPEED AND ACCURACY. 


tS8MeTRIC CANTRACTION WrTH THe PRessURe CONTROL Was DEFINITELY 
BETTER wHEN MAKING BOTH CISCRETE AND CSATINUBUS RESPONSES, 
LEARNING WAS EASTER AND CIFFERENTIAL TRANSFER EFFECTS APPEARED 
WETCk als@ Fay8lR_eO tre PRessURe CONTROL, IT IS THBUGHT THaT 
THIE SUPERIORITY IS OUE T8 THe MARKED DIFFERENCE IN THE 
PRAPRISCEPTIVE CISCHARGE IN THE Tw CONTRACTILE STATESe THE 
IMMeCI ATE IMPLICATIONS ARE THAT SKILLED MOVEMENTS ARE 
CANTINUBLSLY RECULATED BY USING KINAESTHETIC DATA WHICH ARE 

GE NeRaTEO BY TH: LIMB IN MOTIAN AND ARE CONTINUBUSLY FED BACK 
TO The FiGke® @3TOR CENTERS, THe BROADER IMPLICATIONS ARE 
PRIGFLY CISCLSS.D, ESPECIALLY HOW CalSe AND EFFECT GBPERATE IN 
SENSBRY ARGANIZaTION: A THEORY SF CONTROL IS THEREFORE 


Ce VELSPEN. 
SHORHHNDHRE HEHEHE PwRVETTR COCO OCC OT ETE ETT oh DD 


GIRING, Cewe 'EFFECTS 8F PRESENCE 6R ABSENCE 8F COCKPIT MOTION 
IN INSTRUMENT FLIGHT TRAINERS AND FLIGHT SIMULATORSt, TECHNICAL 


REPART ASCeTRebéte24, JUNEs 19638 


* ABSTRACT * 
THIS REPORT BRIEFLY EXAMINES THE EFFECT OF MOTION BN CREW 
MEMBERS IN TRAINING DevICES WITH AND WITHOUT ThE PRESENCE OF A 
MOTIBN SYSTEM, CBNCLUSION BF MOTION SYSTEM RESEARCH ARE 
PRESENTEC, INCLUDING A SAMPLE BIBLIOGRAPHY OF MOTION SYSTEM 
STLEIES AND PAPERS, THE REPERT CONCLUDES WITH RECOMMENDATIBNS 
FAR PRACLREMENT PRACTICE AND BPERATIONAL USAGE. 


Pererrerrrrrrrerrrrrrerrrrrrrrrr retire ri Tee Se Rta A he fii eih tbbebel 
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GTP ING 

FeSFSRMANCE RELATIOASHIFS GF A LINEAR SINGLE #DEGREE=6F eF REEDOM 
FLIGHT SIMLLAT@R MOTION SYSTEM DURING A SHARP GNSET 
ACCELESATION FREFILEe 

YAFRANALTICAL SYSTEMS DIVISISN' 

wRIGHTePATTERSSN AFBs Gk 

REPT. ASD@TRe71-94s AD@752 2224 MAR 1972+ 


* ABSTRACT * 
TRE REPABST EXAMINES A SRARP ACCELERATISN PROFILE REPRESENTATIVE 
RF Tee CLEING MATISAS PRBVIDED T6 CREWeMEMBERS IN FLIGHT 
St*LLATSRSe A LINEAR SINGLE*DEGREE-8F-FREEDAM MOTION IS 
ASSLMEO; THE RELATIONSHIPS AMONG DISPLACEMENT, VELOCITY LIMIT, 
ACCELERATISN BNSET, AND CLE DURATION ARE DETERMINED. DESIGN 
IYELICATTONS ARE TNFERREC FROM TRE RESULTSe (AUTHAR) 


PEPE Pee ee eS te CS SS 6 bd 8 Add 5d eek etitieiiet th Melietieteth Madea tiem a a eee 


CLASSN, Gewese 'TkE PERCEPTION OF THe VrsUAL weRLD1, THE RIVER. 
STCE PRESS! CAMBRICGEs MA» 195Ce 


* ABSTRACT * 
The PRINCIPAL SUBvECT OF THIS BOOK IS THE VISUAL PERCEPTION OF 
SPACE, TRE FYP8TRESES THE AUTHOR ADOPTeD WeRe PRECIPITATED By 
ReSeaRCk IN Tre FIELD BF MILITARY AvIATIABN CARRIED 8UT DURING 
ABRCOD wAR IIe ChAPTER a, THe PRABLEM OF THE STABLE AND 
BPLACLESS VISLAL WORLD, OISCUSSES THE INTERACTION BETWEEN THe 
vtSlLaL ANC KINESTHETIC SENSES. 


RRR HHH PERU RCC COCO CCC CSCC RET RE REARS Be cee ee aie ie he etl 


GTPSAN, Gewe TkE VISLAL PERCEPTION OF BBUECTIVE MOTION AND SUBs 
e&CTTVE MOVEMENT. 'tPSYCHOBLAGICAL REVIEW's 19544 6ir 304"3146 


* ABSTRACT * ’ 
tke PeReeFTION Be MOTISN IN THE VISUAL FIELD. wHEN RECOGNIZED 
AS a ESYCRSLAGICAL PROELEM INSTEAD BF SOMETHING SELF EVIDENT, 
S BFTEN yates TA PRESENT THe SAMe KINO OF PROBLEM AS ine 
FeRCerFTyAN BF CaLAR BR BF FARM, MAvEMENT IS THOUGHT TO BE 
St“FLY BNE OF Tre CHARACTERISTICS SF AN BBVECT, AND THe BNLY 
GLEeT PON IS HOW CO he See IT, ACTUALLY, THE PROBLEM CUTS 
aCFRGs MaNY BF phe UNANSheRED GlesTIONs BF PSYCHOULEGY, 
t.CLUCING THOSE CBNCERNED WryH BEHAVIOR, IT INVOLVES AT LEAST 
thRee SePARABLE, BUT CLOseLY RelareD PREBLEMS; HOW DO We SEE 
tke MATIAN BF AR BBYECT, HOW DO We SEE THE STABILITY OF THE 
EAVTFSNMeENT, ROW DE he FeRCeIve BURSELyeS AS MByING IN A 


STAPLE ENVIRONMENT. 


the Wak yobs MerySNS BF BBveCrS IN a STABLE oii eae fan AND yHe 
VAP TALS MOveMeNrS OF BURSELy_eS IN THAT ENVIRONMENT CAN BETH 


Be vIsbaLly PeRCetveD, a PSYCHSPHYSICS SF SUCK KINETIC 
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IMPReSSTANS, FY wevEeR, IS ALMOST NONEXISTENT, ANDO THe 
PeSsy@ILrrTY 4F gS8LaTING be STIMUL] Has been cars hd Ta IF 
reheveR, The eFFeCtIve STIMULATION IS TAKEN Ff Be 9ROINAL ANO 
ReLarTeha, IT FALLS IN76 SeveRAL MATHEMATICAL CLASSES, WHICH 
ARe NeATLY CORKeLATED WITH TYPES OF PHYSICAL evEeNTS, AND WHICH 
waY FRay: 78 8, PSYCHAPRYSICALLY CORRELATED WITH MODES BF 


KINETIC FXFERIENCEe 


errr rrr err rrrerervrererrrrrrrrrer eee re eT Te PETE SESE PERERA EAR 


VON GIERKEs Hem, AND STEINMETZ» Eo IMETION DEVICES FOR LINEAR 
aNC aXNGLLAR @sCyLLa7ION a~NO FOR ABRUPT Ae Ege AT ION sTUDITES 6N 
FUMaN SLAvECTS' (IMPACT), NATIONAL ACADEMY OF SCIENCES, 
RaTTANAL ReSearCh CeEUNCIL, WASHINGTON DC, U.S.A, PUBLICA. 

TISN 903, 1961+ 

SsFeCrak PAR, FAR yHe FaNel ON ROPE BER AT TEN STRESS, ARMED 
Fetes, NATIONAL ReSeaRCk CemMMIttee BN BIGeaStRONAUTICS 


* ABSTRACT # 
THE AUTRIRS DESCRIGE THe PURPOSES, DESIGN PRINCIPLES MOTION 
CaP aBylerles, anc C NTRBL ANC SaFertY FeaTtURes 86 AgeUT FERTY 
FaCrurri-S (INCLUDING MB7ION SIMULATORS) DESIGNEO 16 STUOY THe 
EFFECTS 3F LINcAR AND ANGLUAR BSCILLATIANS AND OF ABRUPT AC. 
CelegaTIoh 8h ,UMAK SAFeTY AND PERFORMANCE. PRETSGRAPHS 8k 
SChkeMaric ORAWINGS OF Te DESIGN aRe PRESENTED FOR THOSE Devices 
FER weICH THEY ARE AVAILABLE. 


HOH OOH WELTTETTTETTLILT Lae eh eo 


GILLIES, veAs (ED,) "A TEXTBOOK OF AVIATION PhySIOLEGY', PER. 
Gavan PRoSS; LONDON; NEW YORK» 19656 


* ABSTRACT # 

THIS IS 4 TexXTBAGK CONCERNING The eaeee ch BF AVIATION MEDICINE 
aNO afFaRCS a PICTURE OF THe PRINCIPLES PRACTICED AT THE ReAeFe 
INSTITLTS BF AVIATION MEDICINEe SECTIEN v BN tACCELERATIONS! 
CAveRS THE PHYSTOLOGY OF ACCELERATION, THE EFFECTS OF ACCELERA} 
TIANS AF SFBRy CURATION, AND MOTION SICKNESS, CHAPTER 29 INe 
CLLUCcs SeCTIBNS BN VIBRATION IN FLIGHT SIMULATION AND THE EF« 
EECTS SF tyIBRATION: ON maN aNO aNIMALS, chapTeR 38 CONSIDERS 
tee cFFeCTS SF ehyIRONMENTAL STRESS BN PERFORMANCE, AND CHAPTER 
4o CeabS wITh «Spatial ErseRreNTATION: IN FLIGHT. 


Poe TVET PEEITOOTOP ECC CECT PTT ET he bl Bk 


GILLINGHAM, KeK, SPATIAL DISORIENTATION HAS BEEN A DEADLY 
CAMEQAMISER BF PILOT PERFORMANCE EVER SINCE BLIND FLYING wAS 
FIRSy atreMPTeC, RESEARCH IN RECENT YEARS HAS LED TO A TRAINING 
CeVice THAT A YeaR BR SB FREM NOW MAY ASSIST PILOTS IN BVERCOM. 
IKG TRIS THREAT, AERSSEACE SAFETY» JANe 19670 
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* ABSTRACT * 
TRE FyRst DEVICE FABRICATED FAR THE AIF FORCE TE CEMONSTRATE 
TLLESTANS GF CISARIENTATIOBN, THE SPATIAL DISBRIENTATION DEMBNe© 
crRatpIn (SOC) waS CESCRIBED, ALTHUUGH THE SDD DEMANSTRATED THAT 
SAM> SF TRE ILLUSYJANS BF FLIGHT CAN BE REPRODUCED 8N RELATIVELY 
INF YPENSTVE AKC SAFE GRELADeBASECD APPARATUS, [T WAS NOT CAPABLE 
PF SATISFYING EVALUATIGN AND TRAINING FUNCTIONSe THE SPATIAL 
SFTcNyaTION TRAINER (S8T) waS DESIGNED TO SATISFY ALL 8F THESE 
FUNCTTANSe TRIS ARTICLE wENT BN TB DESCRIBE THE SOTe THE 
caRreacrs AND BCLLOAGRAVIC ILLUSIO8KS WERE ALSO DESCRIBED IN TRIS 
ARTICLE. 


PoC re ee eee eer eT eee Pe PCP PEP PAP PCP PPPS RPP PPP PPh ee 


ELSPA, keeles GLECRYs FeEos URev HIXSONs WeCe ANDO NIVENS Jele 
SpSeeyaT}SNS BN PERCEIVED CHANGES IN AIRCRAFT ATTITUDE ATTENDING 
FEAC MSyeMENTS MACE IN A @eG BANK AND TURNe 'tAERBSPACE MEDI « 
CINE', Vile 445 "1', JANe 19734 90"926 


* ABSTRACT * 
By LSTAG A MIGReSPEED AIRCRAFT AS A VERY LARGE RADIUS 
CeNrRIFLCE, Iy hAS POSSIBLE 78 GENERATE A 2eG FORCE FIELD 
CLS tke a SLSTAINEC BANK AND TURN WITH veRY LOW ANGULAR 
ugh CITY. TRIS enriryge INveSTIGaTIS8N BF THe DYNAMIC EFFECTS 
BF beg MOVEMENTS ON PERCE veD CrANGES IN AIRCRAFT ORIENTATION 
WhEN gee INERTIAL TORGUeS FRAM VESTIBULAR COR 6LIS CRESS. 
CBLELING EF gers waS MINIMIZ¢0, Head AANA Ge Ne RATED 
La®Ge vaGRIT Ce SkIF7S IN APP AUeNT AIRCRaF 7 pes | ee a ie IN A 
FLAN, ARFSGANAL 7O THAT IN WHICH VeSrieliaR CORIOLIS CRESS, 
CELELING eFFecTs 8CCUR, whICH SLgcGgeESTS THAT THe SHIFTS ReRE DUE 
TH AN BTELIT Gag tees eFFect, A LABGRATERY CONTROL EXPERIMENT 
INS 1Catel THAT Tre INFLIGrY PeRCEPTUAL hgh Sh WERE NOT 
aTTSialTsBee 7O yhe INCREASED L@aDS BN AcCk MUSCLES DURING Head 
MOVEMENTS. INC TVICUAL CyFF Reacg® IN MAGNITUDES OF PERCEIVED 
SRroNtatroN CratGes aRe DIseUSSe _ 


PwRPPPEREPRREESESCLCICLS OLE SESE PREECE APES RSE ROSSA RE ED DO 


CALCM~n, Cope ANC VON GyeRKe, Hye, TH A CrS SF SHBCK ~ND VJe 
aRATIGN AN MAN, LECTURE AND RevIen SER TE NO. 603s NAVAL MEDI > 
Cal ReSeaRCH INSTITUTE, BETHESDA, MARYLAND, WANUARY 19606 


# ABSTRACT * 
1h %rSPHNSE TE NUMEROUS REQUESTS FRAM ;NOUSTRY AND FROM 
FavcRnMenT AGENCTES FOR UNTFOR™ CRITERIA WITh WHICH 78 
evaluate AND aSSeSS The FAZARDS 6F HUMAN VIBRATION EXPSSURE, 
tee avcRyCaN NatrONal SraNDagRDS SeCriOval COMMITEE BN BI B~ 
aC®USTICS, $3, APPOINTED A COMMITTEE IN 1961 TE STUDY THE 
Feasrerl&rtY SF eSyABLISHING STANDARDS FER THe EXPBSURE OF 
RLM aN Se {NGS 76 MECHANICAL vIBRaTIGNS, THE Shirl 8F THIS 
ca*~trtee IN yoga POINTED BUT Tee LACK @F DEFINITIVE DATA WITH 
SeSFect TO MANY BF phe VARIABLES IN THIS PROBLEM AREA AND THAT 
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IT KILL BE IMF9SsrBlLe Te PRevyle BNe SyMPLe Sey OF CRITERIA 
IN SPITE BF Theee L SATTATIONS. TH PReSeNT KRenE c0Ge ae : 
COMMITTEE gut TRAT IN VIEW OF ie TATED NegD, A Cautreus 
arTeMPT 79 Dev. L@P SUCH CRIteRIA IS JUSTIFIED, AS A 
CANSeGgugNCe F tekeSe ReECBMMENDATIOBNS, EFFERTS ARE NO@W UNDER WAY 
TA CeyelSr AN aCeGlaTe STANDARO, ALTHOUGH IT IS ANTICIPATED 
THAT TKe CRITEhIA RESULTING WILL, 68F NeCeSSITY, BE BREAD 

RaTRkER THAN SFECIFIC, TREY sHBULO Be 8F DEFINITE ASSISTANCE IN 
AVSIOCING PATENTLY EXCESSIVE VIBRATION ¢XPOSURES, IN JUDGING 

The RELATIVE SL VERITY OF VIBRATION EXPOSURES FER VARIOUS 
SCCLPaTIANS ANS COACITIANS, ANDO IN COLLECTING NeW MaTERTAL BN 


THIS SLBYECTs 


eyNC ke Opvel SPMeNT OF SUCH A STANDARD TAKes JIM THe § 

CoM Trtee Recher NCeO, aS AN INTERIM Securrek 18 rfig NUF-REUs 
ReSlesrs FA INFBRMGTION ON HIS SUBMECT7, THe OISTREBUTIBN BY 
ANS, BF The FOLLOWING RePORy, THIS Review OF THe EFFECTS SF 
SHACK gNO vIERa~7rOh SN MaN COVERS a VERY BROAD SCOPE) VIBRATION 
F GRaFR IN WAS Vv 7 A 

aF the RePaRy WgULC PROVIDE FabOabee BrEKareund INFeRMaT ane 
FeF aXY8Ne INteERESTED IN THyS PROBLEM, 


Tre Last Five YeaRS Have BRAUGHT CONSIDERABLE INTENSIFICATION 
SF KUMaN VIBRATION RESEARCH aNO NOT ALL Sper sONe & THE Recere 
CaN A¢ CatsICeReD te Be CeMPLeTELY UPetaeVATE, HOWEVER, MOST 
aF the ae Eee FeSeaRCh FAS CONTENT RareD @N exPeSsURe 78 EXTREME 
vrPRarIShX Levels aS They May eCCUR IN MyLy TARY ENVIRONMENTS AND 
IN SpaCe wISSI6NS, Retatiyely LITTLE New WORK HAS BEEN 
FURLrSHeC ON tke EFFECTS BF LONGTIMe EXPeSURE TO MODERATE 
VIBRATIB® & vet Tee STTUATISNS OF MEST INTEREST WITH RESPECT 
76 the INCUSTRial, HABITUAL yIBRATION cyPOSURES FOR WHICH 
STAKCARCS ARE FRIPARILY C SIRABLE, THEREFORE, THE COMMITTEE 

Re COMMERCS DEsscMINATION BF TH BLLEWIN Re PORT AS ‘eu NT 
ah CKGRELNC ANC ReFeRENCe MATERIAL SN HUMAN VIBRATION RESEARCH 
UNTIL SLCR TIMe aS MORE DEFINITE GUIDANCE THROUGH A STANDARD O@N 
PeRMISSIRPLE VIBRATION EXPOSURES CaN Be PROVIDED, 


Pere rr ew rrerrrereeererererec eres Leet eee eee TATE TERR 


calCsmyrk, C.t,, SheERMAN, H, AND vyITALe, Ped, 'tRESEARCH ON THe 
e1™ULATIAN RecUIREMENTS 6F AcROSPACE VeMICLe MOTI N CHARACTER. 
ISTICS IN GROLNZ TRAINING Sy STEMS), GRUMMAN AIRCRAFT ENGINEERS 
ING CARFSRATIBN, PROLECT 1749 TASK 171003 1961° 


* ABSTRACT *# 
SeVeEN SLALECTS IN SIMULATIGN BF TERRAINeCLEARANCE TASKS. 
SIMULATED TURBULENCE (BASED BN 2 GUST vELOCITY VALUES) ADDED T6 
ATSCRAFT M8TIBN LEC TH FABRER PERFORMANCE THAN AIRCRAFT MOTION 
SIMLLATIO@N ALONe (PITCH, ROLL AND HeAVE ACCELERATIONS). STATIC 
COCKPIT SIMULATTSN APPEARED TO Glve RISE TO SLOWER LEARNING OF 


THE TASK, 
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GALTRA, Fee ANC FKYDEs AeSe THE DYNAMIC ESCAPE SIMULATOR. 
ATAAZAFLC/ASC *'SUPPART FAR MANNED FLIGHT CONFERENCE', AIAA PAPER 
65°2782 DAYTBN\» BRIA» AFRIL 21°23 1965-6 


* ABSTRACT *# 
hITe INCREASING COMPLEXITY @F PRESENT AND FUTURE AEROSPACE 
SySter~s JN INCREASING NEEC HAS BEEN MAATFEST FER GREUND 
SIMLLATIAN BF MISSIGN ENVIRANMENTSe TRE UNKNOWN INTERACTI@NS 
SF MLLTIPLEs CENCLRRENT STRESSES» THE AS YET UNDEFINED EFFECTS 
AF SeGLCNTIAL STRESSES AND THE _ FUNDAMENTAL NEED YF TRAINING, 
we TCR Se Q@liRes RePeaTE? exPesuURe TA THe MISSION ENVIRONMENTS, 
aLL Mem~nl THAT A CENTRIFUGE tt aa FAR TRAINING aND BaSIC 
ReSeaRCh SK@ULD Be CaPABhe OF PROVIDING THe VIBRATION, GaS 
CO™ESc TT] ONS, PRESSURES, AND ACBUSTIC ~ND THERMAL VARIABLES 
WHICK May sCéLR IN aN AEROSPACE VeHICL_e DURING NORMAL FLIGHy 8R 
OLFIAG AN EMERGENCY, TRIS PRESENTATIBR CONSIDERS THe 
TRESRETICAL BetIMalL DeSIGh, THE DESIGN ,HICH IS PRACTICAL 
wtTe ITN cCBNOMIC LIMITS AND FACILITY CONSTRAINTS, The 
SPeCIFICaTIONS @F A FeEASIBLe Device SF THIS TYPE, THe DYNAMIC 
cSCape SIMULATOR aT THE AEROSPACE MEDICAL Sapir LABSRATORIES 
New rN FyNak CONSTRUCTION, aNO The TRADE SOFFS NECESSARY 78 
aCFi¢yse TRIS CIReELy NeroEe RESEARCH INSTRUMENT, 


TE HEE HEH HHH HEHEHE 


veN GRAL, MeF,C,, INFLUENCE BF MO7IAN WASH.6UT FILTERS ON PILe@T 
TEACKING PERF ERMANCE 

NATIANAL AERASPACE LABARATOARY NLR 

AN TRARY FEKKERWEG @ 

1c&§ CY” AMSTERCAM 

Th? NETRERLANCS 

FR-SeNTED AT AGARD MEETING 6N PILA@TED AIRCRAFT ENVIRONMENT SIMUe 
LATIAN TeCRNIGUES, BRUSSELS, BELGIUMs 24-27 APRIL 1978- 


* ABSTRACT * 

AN JNycSTIGATION FAS Bech tig BUT AN THe NLR MByING anok 
FLIGky ¢yMLLayeR 7A ESTABLISH Tre INFLUENCE OF The SIMULATE 
WATTER wASHSBLT FILTERS IN The PITCH AND ROLL AXIS BN THe Pers 
FaRMaNCe BF FALR PILOTS WKEN STABILIZING AN AIRCRAFT OISTURBED 
RY TLRPLL ENCE IN EITHER BF tHeESE aXeS. FOR THIS COMPENSATERY 
TRACKING TASK, FILEt OeSCRIBING FUNCTISAS, REMNANT SPECTRA AND 
aykeR PeRFERMANCeE MEASURES HAVE BEEN DETERMINED, 


tke Re SlLTS Leal 78 THe CONCLUSION Tat, FER tre TASK UNDeR 
Ce\eyCeRaTION, NF SIGNIFICANT OTFFERENCES CaN Ge BBSERVED WHEN 
Tree PRe ak FR EUeNCcY BF TRke (LINEAR mye egg Ry WASHeO8UT FylyeR 
TS yarRigeo FROM Cod RaCsSec 78 Q05 RaUsSeC. HOWEVER, PERFORMANCE 
IN eltee? CONrITION IS CONSIDERABLY BETTER wWheN COMPARED TE 
FrxeC.eaSe RESULTS, THIS IS ALS® ReFleCteED IN ThE PILOT 
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COMMENTS AND EFFORT RATINGS, STATING THAT THE TASK IS EASIER 
wITk MET]ONe 


eLCrerrrerrrcrrrrrerrerrererceCeererRereree Err eser eS ERASER RRS ee 


CATTSDANKER, Re 'tREACTION TIMES THE TIME TO INITIATE A REeo 
SPEANSE’ 1, MINNEASBLISSHENNEYwebbLs AERG=CACUMENT UNED 6102, 31 
CECEMBERs, 1958+ 


* ABSTRACT * 
PRIEF REVIEW ARTICLE CONCERNING HUMAN REACTION TIME AND ITS 
RELATISNSRIP TO TRE FALLOWING VARIABLES: 


de STRENGTH BF VARIABLES 
Ae INTENSITY @F SYJGNAL 
Be CISCRIMINABILITY 
Ce MATIVATIAN 
Ce FPREFARATION 
Ee FRACTICE 
ae MINIMUY RT AND COMPARISON OF SENSES, 
ge COMPLEXITY CO8NCITIANS 
ye FRELATISN TE BTRFER ASPECTS OF BEHAVIBRe 
Ae ASSACIATION TIME 
Be S8FERANT CANDITIONING 
Ce TRACKIAG 
Se INSTRUYENTATIAN 
Ae SIGNALS 
Be RESPENSES 


C+ RECBRDING 
6+ SPECIAL CSNDITIEONS SUCh aS DRIVING A CAR, 


errr rrr rerrrrrerrrrrrererce rere rere re ret Pee Tee TEAR oe te 


CRARAM, OK, + A RATIONALE FAR MAVING.RASE FLIGHT SIMULATIAN 
ANC a PRELIMINARY STATEMENT GF THe MOTION ReQuIREMENTS!, THe 
PPFING CAMPANY DOCUMENT N60 067574494 AUGUST 19686 


* ABSTRACT * 

RATIONALE SLPFARTING THE NEES FAR MOVINGeBASE FLIGHT 
MULATION IN SySTEM RESEARCH AND DEVELOPMENT IS PRESENTED s 
IS J\FARMATIEON ITS BASEE ON aN exten Ive SURyEY AND ANALYSIS 
The FeRTINENT EXPERIPENTAL LITERATURE, THe STUDY CONCLUDES 
THAT MUVINGeBASE SIMULATIEN [S REQUIRED AND AT LEAST FBUR 
CeGRegs AF Ree ber PITCK, ROLL, VERTICAL TRANSLATION, AND 
LaTeRaL TRANSLATION BE FROyIOEO, THIS DOCUMENT ALSO PRESENTS 
FRELIMINARY MO@rITON SPECIFICaTIONS FAR tHE FOUR AXIS INDICATED. 


SPREE HEHEHE Po RUPE TE CECI OC CORSET ETS ECT ETT Te Th 


CRAVESs Ge®er wity 
FLIGK, SIMULATION TECHNOLOGY . SIMULATION TECHNIQUES, NASA 


LANGLEY 73W7Q¢56» 1973 
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* ABSTRACT * 
COMFLTER BASED FLIGHT SIMULATION STUDIES PERMEATE ALL 
FRASES SF AERBSFACE TECHNOLOGY DEVELOPMENT, FROM CONCEPTUAL 
MESTGN TRRSUGR FILAT TRAININGe THE ALLIANCE OF FLEXIBLE 
SIMLLATS® FARCWARE WITH KIGHeSPEED COMPUTING EQUIPMENT 
REFRESENTS A RESEARCH APPREACH TEA PROBLEMS THAT CBULD NOT 
ATKeRyAISE BE PRACTICALLY SGLVED. THE SBUECTIVE 8F THE WERK 
LNCE® TeIS RTA8P IS TS PROVIDE SUBSTANTIAL IMPROVEMENT IN NASAIS 
CAFATILITY FAR FLIGHT SIMULATION THROUGH THE INTEGRATIBN BF THE 
SPECTALIZED SIMLLATION ASPECTS 8F COMPUTER SCIENCE, APPLIED 
MATREMATECS, SPTICS, ANC SERVOMECHANISMS. EMPHASIS WILL BE 
FLAC: C BN CAMPLTER TECHNIGUES FAR VISUAL SCENE GENERATION Te 
ReMAVE THE FIELD BF VIEW RESTRICTISNS WHICH ENCUMBER PRESENT 
Sy¥STteS, EFFOART wILL Be UNDERTAKEN BN ADVANCED MATHEMATICAL 
aNC CeMFLTING TeECkKNTGUES TA PERMIT A HIGH DEGREE BF SIMULATION 
FIretLyTY WITKIN REASONABLE CeMPLTER MeMBRY AND SPEED 
LIMETATIONSe TrIS ALS® INCLUDES WERK GN OPTIMAL STRATEGIES 78 
FaNClLe tke @NSET AND WASHOUT CUES Te Sirette FLIGHy METyANS 
WITHIN THE LIMITED DISPLACEMENTS WHICH aRe PRaCTICAL FAR GREUND 
Sq™LLaTeseS, Ceyel@PMeNT AND PROCUREMENT WILL Be UNDERTAKEN BN 
SPeCtabize0 SYSTEMS WHICH ARe CAPABLe SF PROVIDING GeNeRal, 
CLEF®RT 78 A BREAD SPECTRUM SF AERSNAUTICAL ReSEARCK PREGRAMS 
weeSe [7 FAS NOT BeeN PRACTICAL T@ SUPPORT THeSe EFFORTS BY 
INCTVyOLal PRAGRAM FUNDING. 


Crt eee ere ere eee te Le ee CACC ec eee eRe he ee ee 


GRAY, Tyr, ANC FULLER, RR, SIMLLATOR sRAINING AND PLATFARM 
MATIGN TN ATReTAeSURFACE Wea~PON DeLIVERY TRAINING, FLYING 
PRATNKTNG CIVISTON AIR FORCE HUMAN RESOURCES LaBSRaTORY, WILLIAMS 
AF®, ARTZ8NA, PAPER SUBMITTED TE 14977 i ast laa CONFER. 
eXCer, (abs FlLalySkeD as ayR FORCE HUMAN ReESBURCES LaBBRaTéRY 
REFRAT AFRKRLeTRe77e099 JULY, 19776) 


* BSTRACT * 
the PaceCtives SF rhIS RESeA CH WeRe 7A DeTERMINE; bec tre 


extehy 78 *HTCh GeNeRaliZe CONVENTIONAL, AIR 76 E (A/S) 
ae aP Ons Beh iyett TRAINING 4N ze ADVANCED SyPULATaR FOR Filer 
AINING (ASF) 7RANSFERRE A SPECIFIC AIRCRAFT; (2) THe 


CANPRIBLTION BF Syx DeGRee BF FReEeDOM PLATFORM MOTION TO THe 
TRANSFER BF TRAINING FROM STMULATBR TH aIRCRaFTs AND (3) THE 
CIFFEReNTIAL EFFECTS, IF ANY, SF THIS SIMULATOR TRAINING ON 
SplCchy PrhOrs OF OFFRERENT ABILITY LevelLS, TheSe BBYECTIVES 
ne%e ACCOMPLISHED BY SELECTING a4 STUDENTS IN THE LEADe@IN A/S 
TRAINING COURSE ay HOLLOMAN aFE 76 SERVE AS SUBJECTS, THESE | 
SLALECTS PROGRESSED THROUGH LEAC.IN TRAINING, RECEIVING ALL 
RATNING EXCEPT THE A/S FLIGHTS» AND THEN PROCEEDED TH WILLIAMS 
APS wheRe THEY heRe ASSIGNED INT6 eel EXPERIMENTAL AND 
CatyReal GRAUFS, ar milla s AFB, all 8F yHe SUBJECTS ReCe ved 
aCsCeMIC TRAINING IN WEAPONS CeLIveRY TeECHNIGUES AND PROCEDURAL 
PRAyN NG ON Fogh OPERATIONS, AT THIS PBINT, ThE STUDENTS IN 
Tee C@N7ROL GROLP FEeh TWA DayA COLLECTION SORTIES IN THe Fo5B 
aT®CRAPT, PERFARMING 10 DEGREE, 15 DEGREE, AND 30 DEGREE BOMB 
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CelLIveRTESe THE EXPERIMENTAL GROUPS RECEIVED A/S WEAPONS 
CELIVERY TRAINING IN ASFT 9N 10 DEGREE, 15 DEGREE AND 30 DEGREE 
PAME CELIVERIES WITH A FIXED NUMBER 8F TRIALS 8N EACH EVENTe 
THE EXPERIMENTAL SUBVECTS THEN RECEIVED TWH DATA COLLECTIAN 
FLIGKTS IN THE FeS5B IDENTICAL TO ree ReCeEIVeO BY THe CONTREL 
cROLP, ANALYSIS 6F THE RESULTS PROVED THAT SIMULATER TRAINING 
STGNTFICANTLY INCREASED AIR.TOeSURF ACE wWeAPBNS Dee VER SKILLS 
tes &, REPRO RIP ATER DslBL_e Ive NUMBeR 8F QUaLIF YING 86MBS, 

A B\efeLRTH ReCUCTION IN CYRCULAR ERRER) BUT THAT PLATF ERM 
“8TIAN WaS N87 a CONTRIBUTING FaCyBR IN THIS PROCESS, IT WAS 
aLS@ FOLAC tHay NeviCe STLOENT PILOTS BF GRearEeR INITIAL 
aPILr7Y BeteFir MOSr Fae SUCH SIMULATEBR TRAINING WHEN A 
MrNIMLM FIXEC AUMBER OF TRIALS IS USEO, 


TRIS ETS PCCP CPPCC CPSC CC OSE RES CERES SS EES PSSST CTA PP PSP PR ee SD 


GCRAYPTEL, Ae ANC CLARK, Be OURATISN BF BSCULEGYRAL ILLUSION AS A 
FUNCTION BF TRE INTERVAL BETWEEN ANGULAR ACCELERATIGN AND DeECELe 
ERATION, ITS SIGNIFICANCE IN TERMS 8F DYNAMICS 98F SEMICIRCYLAR 

CANALS IN MAN, JOURNAL OF aPPLIED PSYCKELEAGY, VOL 5 NOe 4 

CPe 1470152¢ BCTABER 19526 


* ABSTRACT *# 
TF A FERSON Ig ROTATED TN THe CaRK wHiLe SBSERVING a LUM]NBUS 
SRUECT STATIONARY wITH RESPecT TO HIMSELF, THe BBVECT WILL 
APFeaR TAH MOVE IN RELATION 76 ThE ONSET AND Sacral ah OF 
RATATISN, THIS HAS BEEN TERMED THe BCULAGYRA JLLUSTON AND IT 
kaS PeeN SFO8WN 7A Be A ReLTaBle INDICATOR OF CERTAIN REFLEX 
ceFFeCrS @F SIMULATION SF THe SEMICTRCULAR CANalSe BY VARYING 
The pPeRyel B The NotHe 8NSe7 ANC CESSATION OF ROTATION IT WAS 
FeSetBl- 78 SyUOY the INKIBITORY EFFECT OF A STIMULUS DU; 78 
FESt7t ve aANGLLAR aCCELERATISN SN gq SUCCEEDING S7IMULUS 8 
SFFASITe SIgN, CATA WERE SeTAINED ON SIX SUpyECTS AND THe 
DURaTION BF The SCULSGYRAL [LLUSTON WAS PLOTTED AGAINST THe 
INTERVAL BeTheeh ACCELERATION AND DeCeLeRATISN, THe PSINTS 
CeFIneO a CURVE WHICH CLEARLY INCICATEC THE RECOVERY PATTERN, 
AN INITIAL SteEP RISE WAS FBLLE8WED BY A GRADUAL AND CONTINUBUS 
aSCeN7 TAWARD A PLATEAU, It INDICATED THAT RECOVERY WAS AT 
FIRST veRY RAPIC TREN PROGRESSIVELY SLewER BUT WITHBUT BVER.W 
SHAeT, TRIS TYPE BF RECOVERY PATTERN IS UNLIKE THAT 
ENCAUATERED IN MeCHANICAL SySTEMS BUT IS CHARACTERISTIC OF 
CeRTAiN BISLAGICAL SYSTEMS, XPReSSeD IN TERMS OF CUPULAR 
-KCBLYMFH BeHAVIIR BUR Resturs SUGGeS7 a CHANGING RATIO OF 
vpgcals 76 ELAST;C FARCES Ag THE CUBULA MOVES TOWARD BR AWAY 
FR8y the NeUTRAL POSITION, SUR FINDINGS ARE NOT IN ACCORD WITH 
Tke CURRENT CONCEPT THAT THe CUPULA BekAVES AS A HIGHLY DAMPED 
TASSTON PENOLLLP BLT RATHER AS A CRITICALLY DAMPED ELASTIC 
STRUCTURE, TreSe CATA ILLUSTRATE A FACTOR WHICH TENDS T6 KEEP 
Tee AFTEREFFECTS OF STIMULATION BF THE SEMICIRCULAR CANALS 
SMALL IN EVERYOsY LIFE. KBWEVER, DURING AND FOLLOWING 
FRPLONGeD TURNS IN AIRCRAFT at NIGHT WkeN THESE FACTORS DO NOT 
SPeRate SPATIAL SRIENTATION MAY Be IMPARTED, 
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GFAYRTEL, Ae ANC KNEPTON, Je PREVENTION OF MBTIEN SICKNESS IN 
FLIGHT MANEUVERS, AIOED BY TRANSFER OF ADAPTATION EFFECTS ACe 
SLIRED IN THE LABBRATORY: TEN CANSECUTIVE REFERRALS. AVIAT. 
SPACE ENVIRONe MEDe 49(7)3914"9195 1978s 


* ABSTRACT * 
TEN FLYERS, GRELNCEC BECAUSE OF NAUSEA AND VOMITING, WERE REe 
FERRED as PATENTIAL CANDIDATES FOR ADAPTATION TS CROSS*CBUPLED 
ANGLLAR ACCELERATIONS IN A SLOWeRBTATIGN RBEM; SUCH ADAPTATION 
kaS RBeeN SFOWN TA 'TRANSFER? TO FLIGHT MANEUVERSe THERE WAS NO 
SESBRTUNTTY TS ATTEMPT TREATMENT IN TWO CANDIDATES» AMONG THE 
VEMAINING EIGHT, FIVE REGAINED FLIGHT STATUS (62¢5%)5 FOLLOWeUP 
Fe7TACS YF THESE FIVE CANDIDATES RANGEC FROM 19 T& 27 MONTHS. IN 
97 BF THE THREE REMAINING CANCICATESs A SATISFACTORY Level 6F 
ADAFTATION WAS AChKIEVED BUT mers THAN 4 MONTHS ELAPSED BeFOR 
KIS ASSICNMENT TA A DUTY SQUADRON, AFTER BECOMING SICK IN H] 
Freer FLIGHT (Feqio4), HE SUBMITTED A ReGUEST TS Be REMGVEO FROM 
CLYY PAVALVING FLYING. IN THE REMAINING TWO CANDIDATES, THE RATE 
3F TeeIR ACGUISITION BF ADAPTATION NOT SNLY WAS VERY SLOW BUT 
ALSA, AFTER LevelING OFF, ACTUALLY DECLINED, JN STHER wORDS, 
FAIR aS «ELL aS GOED PERFORMANCE 1S DEMONSTRABLE IN THE SLOWeRGe 
TATISN RROMe 


eee Lt fe ere eee ee eee PAP Re ae ee ee ee oe 


cCPAYATEL, ASFTBN, NiveN, uel. AND MACCARQUEDALE, K, THE EFFECT 
AF LIteak ACCeLERATISN SN The SCLLAGYRAL ILLUSI6N, USN SCHEAL 
aF pyraTyTON MECICINE RESEARCH REPBRTs 1956s NM OO1"110-100 

REF RRT N\Re 4P» 1166 


* ABSTRACT * 
AGREEMERT IS LACKING Sr eeeo ne THe EFFECTS OF LINEAR 
aACCeLeXaTION 6N The SENSORY ReCePyTORS IN THe SEMICTRCULAR 
Canals, aA LIMITED EXPERIMENTAL APPROACH TOS THIS PROBLEM WAS 
UNTeRTAKEN, MAKING USE 8F THe FACT THAT A PERSON CAN BE 
SUP CEC TED SiMLL7ANEFBUSLY 78 ANGULAR AND bag Ab ACCELERATIONS ON 
aA HLP an CeNtTRIFLGe. THe PATTERNS BF ANGULAR ACCELERATION, THE 
FRYSTALAGICAL STIMULUS TO THe SeMyCIRCULAR CANALS, WeRE KEPT 
CANSra\ tT; Th8Se BF LINcaR aCCeLeRaTyION WeRe vaARIEO BY HAVING 
Tee SUBEECT SIT EITKER NEAR THE CeNTER OF ROTATION OR 17 FEET 
awaY¥, THE OLRATION BF THE BCULEGYRaL ILLUSIG, WAS USED AS AN 
rsTrCprpas BF SyyMULATIAN BF THE SEMICTRCULAR CaNals, 


THE ResSlLTS 6F TRIS STUCY SHOW TKAT THe DURATION GF THE 
eCLLAGYRaL JLLLSyBK JS aN INCRE AS ING FUNCTION 6F peceeei Ns 
ANCLL AR aCCeleRaTIBN, The HEA’ ING OF THe OBSERVER RELATIVE TO 
tHE AxIS OF ROraTION OF THe Ces TRIFUGE DBES NOT AFFECT THE 
CLRarren BF Tee ACLLOGYRAL ILLUSION, The INCREASED MAGNITUDE 
AF the Linear ACCELERATION COMPONENT EXPERIENCED WHEN THE 
SeatING FACILS 1S INCREASED FROM Bp TE 17 FEET DOES NOT AFFECT 
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TKE CURATION, LF Be CENTRIFUGE SPEEDS aF RPM (MaX MUM aNGLe 

c EGLALS 206 beckees). The INCREASE IN “AGNI TUDE OF THE 

LN ale ACCeLeRatION COMFENENT “ITH INCREASE IN ENan te USE SPE 
EeYGNC THIS aNCle Agee INCREASINGLY Ets UPrive 6F PeRFARMS 
atCe, aS SCULSCRAVIC EFFECTS BECOME DOMINANT, THE SIGN 6F 
aCCeLeRaTIAN, 1, €., POSITI ve ANC NEGATIVE ACCELERATISN, MEST 
FPABASLY Ches NOT INFLUENCE THE DURATIBN, 


errr rey eT CeCe TC eT ETE SC SC CSP PSPSPS Pe TT TCSP PPR CPSP PPh 2 ee 


GLECRYs FeEos URe 

VISLAL CALNTERACTISN BF NAUSEBGENTC AND DIS@RIENTING EFFECTS OF 
SAME a~AHBLE=BBCY MOTIONS = = A PROPGSED MECHANISMe NaMRL~4232, 
FeNgacola, FL: Naval AEROSPACE MEDICAL RESEARCH LABORATERY, 

16 FEBRUARY 15776 


* ABSTRACT # 
IT FAS BEEN INCICATED TRAT THE NAUSEBGENIC AND DISBRIENTING 
EFFECTS SF SEVFRAL KINDS 6F PREVECATIVE MOTION STIMULI CAN Be 
aveLyaRareo BY yrslal ReFeRENCE Te THE EARTH, THE PURPOSE BF 
The PReSeNT EXPERIMENT IS TS INVESTIGATE a HypOTHes]S 
C@ENCERNIKG THE MECHANISM BF THIS BENEFICIAL EFFECTe 


The RESULTS OpMONSTRATE THAT THE AFTEREFFECTS OF LARGE@F IELO 
BETAKINE TIC STIMULATION CAN NULLIFY THe NaUSEBGENIC AND 
CySORyeNTING cFFeCrs OF CORIOLIS CRASS COUPLED VESTIBULAR 

Se IPULy. .f7 3S a ie a THaT LaRGe FrelO BPTOKINETIC 

Sp IMUL aprON IN a PaRy Obl aR Heal PLaNe MODIFIES ACTIVITY IN THe 
veStieblLaR NUCLEI aS THBUGH THe Se ICTRCULAR EANALS IN THAT 
FCANG bal 7 N StIMULATED, A PReyI@US STUDY ILLUSTRATED THAT 
SLCk somrC FcLaR CaNal STIMULATION WOULD COMPLeTELY NULLIFY 
Tee cr S7URBING AND DIS@RIENTING EFFECTS OF CORTSLTS cR@SS, 
CALELED STIMLLATIOBN ACCORBING TO THEORETICAL EXPECTATIONS, 

Tee RESULTS FROyICE INFERENTIAL SUppORT FOR THe HypBTHESIS AND 
SLGEEST TRAT PREDICTABILITY OF DISBRIENTATIGBN AND NAUSEBGENIC 
CrStURBaNCe ARe REASONABLY well HANDLEC BY CURRENT THESRY WHEN 
THE CBNCITISNS BF MATION ARe FAIRLY WELL SPECIFIED. 


errr rrr CP ePrPETeEErCeCe CC OTC CASES ESSE PET RECS RAP ee kd 


Mal Pei Fobed Res Aode Beneee 

1CARTSLIS RASSCOLpL ING EFFECTS: DISBRIENTING AND NAUSESGENIC 
AR NBT + NAMRL21234_ PENSACSLAs FL: NAvAL AEROSPACE MEDICAL RE~ 
SEARCH LABSRATERY, 29 DECEMBER 19766 


* ABSTRACT «# 
NAUSEA, VOMITING, ANO DISORIENTATION ARF SOMETIMES PRODUCED By 
ke AC wByEMENTS CURING TURNING MANEUVERS JN A]RCRAFT. THESE 
ReSPANSeS ARE LSLALLY ATTRIBUTED TA CORIELIS CROSS.~CBUPLING 
STIMULATION SF THe vESTIBLLAR SYSTEM, ALTHOUGH IT HAS SEEN 
TAP ICaTED ReCenyLy THAT MANY TURNING MANEUVERS OF AIRCRAFT HAve 
TNSLFEICLTENT ANGULAR veEL6CITY TS GENERATE SUCh EFFECTS, ThE 
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FLRFE-se AF TkeE STUCY WAS TS FURTFER DISTINGUISk CONDITIONS JIN 
WHICH CARIALIS CRASSeCALFLING EFFECTS aRE ODJSARIENTING AND 
NALSeeGENTC FRAM CAKCITIEONS IN WHICH THKEY ARE NEITHER 
RISBRIENTING KAR NAUSEBGENIC. 


wREK BFAD TILTS ARE EXECUTED DURING AN ANGULAR ACCELERATI@N 
wekTCR C3MMENCES A TURN, VESTIBULAR STIMULATI@N IS NEITHER 
PTSARTENTING NOR NAUSESGENICe CURING CBNSTANT SPEED TURNS AND 
CURING PeECELERATION WHICR STBPS SUCH TURNS, C@RIOLIS CRBSS- 
CeLFLING EFFECTS CAN BF CISBRIENTING AND NAUSEBGENIC IF THE 
AKCLLAR VELOCITY BF THE TURNING VEHICLE IS BF SUFFICIENT 
MAGNITLCE AT THE TIME TRE HEAD MOVEMENT IS MADE 


CCrrrrrrt cercrr rere rere eee ee ee ee eee ee eee Pee Pe CPP eee ee eee ee Se So 


GLECRY, FebeuRs, GILSON, ReDe AND STOCKWELL» Cows SUBJECTIVE 
AKC NyStaGMUS REACTISNS CONSIDERED IN RELATISN TS MBDELS BF VESe 
TIALLAR FLACTYISN. wFTFTR SYMPGS]UM GN THe RELE BF THE VESTIBUe 
La® PRGANS IN SpaCe EXPLORATION!, HelLO at THe NAVAL AGRESPACE 
MEDICAL RESEARCh LARes PENSACBLAs Fles AUG 19*214 19700 PUpe 
LISkEC aS NASA SFo344, NATIANAL AERONAUTICS AND SPACE ADMINT. 
STTATION, WASkey DeCeos 159736 


* ABSTRACT * 
MBCELL ING “TLL BeCAME INCREASINGLY JMPERTANT aS “ORE KNOWLEDGE 
TS ACCUMLLATEC, BECAUSE IT OFFERS aDVANTAGES IN PREDICTING REACS 
tras 3F yNOyypCUals IN a vaRreTY OF Si7¥aTIONS, INCLUDING 
N@vel aee6SPaCe ENVIRONMENTS, ANC IN SPECIFYING A FeW PARAMETERS 
we TCh SFSLLO Fave CONSICERABL_E CLINyCal SIGNIFICANCE, H6weveR, 
tee Neel FSR CONTINUING EXPERIMENTAL 1CRASSCHECKS: SF THESE MODe 
eLS aS PEEN JLLUSTRAaTEC BY SEVERAL SeyS BF Resblys WHICh WEULD 
NAT Fave BEEN PREDICTED BY ANY EXISTING MODELS, 


‘TC rarer ree ee Pee ee ee CSE PTS EET PA 2 oe HME EHH KHER HEHE 


GLeCSY, Fee we AND GRaYB] beg? Rie ROtTaTION D vic Ss, OrheER THAN 
CekyR Fee S aX0 MB7YON SIMUE TORS, ARMED FARCES-NaTIUNAL Rey 
SeARCe CAUNCTL BN BIOLASTRSNAUTICS, NATIONAL ACADEMY BF SCIENCES 
NATI@NAL ReSeaRCh C@UNCIL, WASKINGTAN, 0,C, PUBLICATIEN goa, 
1961+" 4¢ PFs AD 262 4356 


* ABSTRACT _* 
teHTE REFART Deals WyTh ROTATION DeviCes Used JN STUDYING THe 
Fale AF rhe SeMrCyRCULAR CaNalS AND 678LITH BRGANS IN AERBe 
eeat; FLyGrT, MAST SF TrESe DEVICES Have LIMITED CAPABILITY AS 
FLICGky S1¥LLATORS BLT ARE INSTRLMENTED FOR CONTROLLING AND 
ReCReCrNG the CYNa~MyC PeRFERMANCE 6F iMe R8TARY STRUCTURE aNd 
FAR Me ASURING eLeCTROPHYSIGLOGICAL aN ERAVIGRAL RESPONSES OF 
tee SURGECTS. The GREATER NUMBER ARE TO STIMULATE THE SEMI. 
CrSCLLaR CANALS, ORGANS UNIQUELY STRUCTURED TE RESPOND 76 
ANGLLA® ACCELERATIONS. THe 8T8LITH BRGANS, WHKICH ARE 
CrIMLLateO BY LINEAR ACCELERATIONS, RESPOND TG CHANGE IN BODY 
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(FEAC) FASITISN WITRK RESPECT TO THE OJRECTIEN BF GRAVITY OR 

ANY [INERTIAL FORCE OF SLFFICTIENT MAGNITUDE, BRIEF DgeSCRIPTIONS 
3F tkeSe ROTATION CevICES AND wkeRe THeY ARE LOCATED ARE GIVEN 
IX TekE REPORT. 


Ee ERE EEE EEE EHH EHH HHH EHD 


CLERCIS, ceGe ANC WALL, Reb, CBNGRUENT AND SPURIO@US METIGN IN 
ThE LEARNING aNC PERFORMANCE BF A COMPENSATORY TRACKING TASK 
PeFaRyMeNT OF PsYCheLeGSY, SaN w8Se STATe COLLEGE, SAN JOSE, 
CALIFSRNTAs FUMAN FACTORS» 4972 44(3)2259"269¢ 


* ABSTRACT * 

Tre IMPORTANCE BF CANGRUENT AND SPURIOUS YAW MOTION IN COM, 
FeNSATORY TRACKING BY EIGHT aIRPLaNe PILOTS waS EXAMINED, THE 
ETLOTS, SEATEC ERECT IN THE AMES MANSCARRYING ROTATION DeyICe 
(MCRD), TRACKED WITH K/S+1 AND K/S(S4+1) VEHICLE DYNAMICS IN 
FIXED AND MOVINGeBASE SIMULATION. FOLLOWING THE LEARNING PHASE 
9F the exPERIMeNT, FIVE Levels 8F SPUR]6US ANGULAR ACCELERATION 
ne&e SUPeRIMPaseD BN THe MazyeN OF THe MCRD, LEARNING 6F THe 
TEAEK ING 7 ASK waS FOUND 76 Be A FUNCTISN OF BOTH VehICLe DY. 
NaMicg atO MOCe 3F SIMULATION, THe PRESENCE OF CONGRUENT METION 
TK\FARMaTyON ReBUcge LEARNING TIME IN K/S(S#1) VEHICLE OYNAMICS 
ao Fe Stl 760 IN LOWER TRACKING ERROR IN BETH veHICLe DyYNaMICS, 
tHe SeLRTBLS ~NGlLaR aCCelLeRaTION RESULTED IN LOWER TRACKING 
cRRER, keheveR, Tre RELATIONSHIP BETWEEN THe MAGNITUDE OF THE 
aCCeL eRatION ANC [TS greet WaS KyGHL CeMPLex, THE DATA 
SLGGeS7 that the MINIMAL CisyUR@anCe Leyel FER SPURTGUS ANGUL aR 
aCCeLeRaTt IONS ote Ne TRACKING IS BELOW O64 DEGREES/SEC. SQUARED. 


err rrrrrT rr eer rr errrrorr Creer rereorr re eee es See eee eT T ee SS 


GL“, OR, +MBDELING BF THE HUMAN FORCE AND MOTION-SENSING 
MeChANISMS+ AIR FORCE HUMAN RESOURCES LAB, BROOKS AIR FORCE BASE 
TEXAS. FEPART NSe AFHRL = TR = 7a = Sy JUNE 45734 AD 766"444, 


* ABSTRACT # 
TRE PLRFASE SF tke STUDY Was T8 INVESTIGATE HUMAN FSRCE AND 
METIANeSENSING MECHANISMS, TA CEVELOP MODELS OF THe PROMINENT 
BR ESteNTIALLY ARTIFICIALLY STIMULATABLE MECHANISMS, TO 
IMPLeMeENT THeM BN AN ANALOG COMpPLTER, AND TS INVESTIGATE THEIR 
Re SFSNSeS TS yARIOUS FORCE AND MOT TBNeFORCING FUNCTIONS, 
MATELES Weke IMPLEMENTED AND TESTED FOR A SEMICIRCULAR CANAL, 
Tee ATSLITR, kEAC MOTION MUSCLE SPINOLE SENSING, AND BODY SEAT 
FRESSLRE SENSING, TESTS SF THE MODELS HAVE DEMONSTRATED THE 
ReLATive TIME CeELAYS BETWEEN APPLIED FARCE AND PERCEIVED FORCE 
FRE tre vARISUS MECKANISMS, SHOWING THAT BOTH THE MUSCLE 
SPINCLE aNCD FRESSLRE SENSING MECHANISMS PERCEIVE AN APPLIED 
FARCe MUCk MORE RAPIOLY THAN THE VESTIBULAR SYSTEM. ALSG, THE 
LANG ACAPTAT]ON PFENOMENBN ASSSCYATED WITH THE SEMIC]RCULAR 
CANALS WHICH SeeMS T8 DEGRADE TkEIR USEFULNESS IN FLIGHT AND 
the RAFIO ADAPTATION PRENGMENA ASSBCIATED wWITh ThE PRESSURE 
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SENESRS weICh MAKES TREM IMPBRTANT SENSSRS FSR CONSIDERATION IN 
THE PESTGN SBF MATION SYSTEMS HAVE BEEN SKOWN TRROUGR MBDEL 
TESTING. 


FE TE TE EH FEE SE ETE EHH REE HEE HEHEHE HEH HEHE 


GL“ Deke ANC ALPERYs Webe 
INTEGRATION 8F AN ADVANCED CIG VISUAL AND SIMULATOR SYSTEMe 
(LSAF, ARVANCED SYSTEMS CIVISISN, WRIGHT*PATTERSON AFBs 6HIB), 
tT’ VISLAL ANC M@TIAN SIMULATION CANFERENCEs DAYTON, BHIG, APRIL 
26-28%, 19762 PRECEEDINGS (A76"29476 13*53) NEw YORK, AMERICAN 
INSTITUTE 8F AERBNAUTICS AND ASTRONAUTICS» INCe 1976 Pe 32538. 


* ABSTRACT * 
AN ADVANCED CO8MFLUTER IMAGE GENERATIAN (CIG) VISUAL SYSTEM HAS 
BEER TX TEGRATED wITRK AN ADVANCED FLIGHT TRAINING SIMULATOR.’ 
THIS EFFART ENCOLATERED SOME NEW AND UNIQUE PROBLEMS BF VISUAL 
AND MSTISN SYSTEM TIME CELAYS AND CUE CBERDINATION, A 
SYNCERGAALS VISLAL/SIMULATOR INTEGRATION METHBD WAS EMPLOYED 
WIT Tre CIG SYSTEM SERVING AS The MASTER CLOCK FOR THe TOTAL 
SIMULATION SYSTEM, TRE INTEGRATION SOFTWARE USED A TECHNIQUE 
Called SyNGbe INTERNAL LeaD 76 COMPENSATE FER THE MAJORITY 
SF tke TRANSPORT DELAY INHERENT IN CIG vISUAL SYSTEMS. 
TRE T\TteEGRATION ScRemE AND THe ImpAcT SF ITERATION RaTeES, 
RaRCaare CeLaYsS, aXD DELAY COMPERSATION BN VISLAL AND MOTION 
Clr CASRCINATION aS PERCEIVED BY PILOTS ARE PRESENTED, 


CeCe Cr CC TC TeTCTEeT Cree Cert Le ee eee ee eee ee ee a tl 


Gur, Eve Ree ANC ALBERY, We Be Z 

TIME CeLAY PRAELEMS ENCBUNTERED IN INTEGRATING The ADVANCED 
S{“LLATeR FOR UNDE RGRACUATE PILOT TRAINING, 

toe ATRCRAFT! 

‘Ale 14 Ne 4s APRe 1977.6 


* at * 
aN a~tyanCel COMFUTeR 1naGe GENERATION (CIG) vISlbaL SYSTEM Has 
Feen INteGRateD WITH AN A vanced FLIGHT TRAINING ReSeARCH 
eqMlLLaTSR, Tee INTEGRATION DESIGN WAS IRE FIRST O¢pyelLOPeD FBR 
TRTEGRATING a CIG VISUAL SYSTEM WITH A SB MISTICATED FLIGHT 
syMULATAS.s TreERE waS MUCK CONCERN FOR tHe UNIGUE CIG SYSTEM 
*RanepaRy CeLay, aND TECHNIQUES weRe DeyELSPED WHICH PROVED T6 
He Guyte SLCCESSFLL IN COMPENSATING FOR The MAvGRITY BF THIS 
CelaY, HB*EVER, N@T ENBLGH CaNCERN Was GIVEN TO PReVI@USLY 
LXReCAGNyZED ANC UNREPORTED EXCESSIVE MOTION SYSTEM DELAYS 
Wh T Ce nee ENCALNTERED CURING FINAL INTEGRATED SYSTEM TESTS, 
tke INTEGRATION SCheMe AND THe IMPACT BF ITERATION RATES, 
vrSlat a~NC MByIEN A foag * DELAYS, AND OeLaY CS8MPENSATION BN 
VISlal aN MO7ITBN CUg CBBROINATION aS PERCEIVED BY PILOTS ARE 
FRESENTED« 


St a FE TE Fe HEF FE TETRA En FE TE FETE FE HE GE FE FEHR AE FETE TEE FETE TE HE TITE TE 46-46 FE JE SE SE TE de ae ee te 
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ELNERY+ Aewe 

THE ROLE BF MATISA IN FLIGHT SIMULATOR TRAINING? AN ALTERNATIVE 
INTERF<ETATION SF SOME RECENT EVIDENCE. RSY AIR FORCE INSTITUTE 
BF AVIATION MECICINE® IAM SCIENTIFIC MEMBRANDUM NB_ 1234 MARCH 
19766 


* ABSTRACT # 
RASCAE (4974) AND HOPKIAS (1974) HAVE INTERPRETED THE RESULTS 
SF AN EXPERIMENT BY KOBSACE (1974) AS SRAWING TRAT THE PRESENCE 
PR ABSENCE OF MBTIOAN DURING SIMULATOR TRAINING MAKES N6 
CIFFERZ\CE T@ TEE TRANSFER OF TRAINING @BSERVED, THEREBY 
SLEFARTING TRKE CASE THAT MOTION SYSTEMS ARE NOT NECESSARY IN 
FLIGK7 S]MLLATORS USED FOR TRAINING, THIS REPORT SHOWS THAT 
THE DESIGN OF KeSNCE'S EXPERIMENT DOES NOT ALLOW THIS 
CeNCLUSTSN TS Be CRAWN, SINCE THERE IS NO EVIDENCE THAT 
TRAINING BCCLRREDe 


TERR Re RE CR RE REE EEE SES BS Ad PTO RET ESOS E SCE SELES LEE T CT AS TP TT STP TT 


GUNCRy, Aege THRESHALES TA ROLL MOTION IN A FLIGHT SIMULATAR, 
RaF INSTITUTE OF AVIATION MEDICINE, FARNBORBUGH, HANTS, ENGLAND 
iN AITAA, VISLAL AND MOTION SIMULATION CONFERENCE, DAYTON, @HIB 
APRIL 2@eZ8s 1976 (ALES YBURNAL BF AIRCRAFT, VOLUME 14 Ne 7, 


PRe 6299631" YLLY 197760) 


* ABSTRACT # 
PREVICING EFFECTIVE MOTION CUES REQUIRES THAT we CAN FIRSTLY 
ICENTIFY THE ROLE GF METION IN FLIGHT SIMULATION, AND SECONDLY 
Ce SCR jee THE AMEUNT ANC TYPe OF MOTION NECESSARY TO FULFILL 
THAT ROLe, Th AUTHOR FRESENTS AN ANALYSES OF Tig Se PROBLEMS, 
Ste fF TRE FIRST TASKS IS 15 DEFINE THe SIMPLE THRESHOLD T 
MOTION IN A FLIGHT SIMLLATOR, CATA BN ROLL MOTIEN THRESHELDS 
MeASUREC IN A SMALL FLIGHT SIMULATOR IS PRESENTED, DURING 
The N@Rwval USe BF A SIMULATOR, The PILOT DOES NOT HAVE THE 
SS8lLe TASK 8F CeTECTING MOTION, he ALSG HAS TO FLY THE 
SIMULATOR, CATA IS ALSS PReSENTED UPON THE EFFECTS OF A 
CANCLRRENT TASK UPON METIEN THRESHEBLOS, WHICH WERE FOUND TS 
INCREASE AS The COGNITIVE TASK BECAME MORE DEMANDING. “IT IS 
CaNCLUCED THAT THe CLASSICAL METHED BF THRESHELD MEASUREMENT 
MAY PROCUCE DATA THAT ARE MISLEADING IF USED AS The BASIS 
SF MATIBN SYStew CRIve LAWS, 


ARGLMENTS FReSeNteD IN TRIS PAPER AND ThE ANOMALOUS RESULTS OF 
Tke EXPERIMENT, MAKe IT CLEAR THAT THERE IS MUCK T@ RECBMMEND 
THE ABANDONING BF Tke ScNSORY THRESHOLC TS MOTIBN AS A USEFUL 
CeaXCepr FOR FLIGHT SIMULATIAN, ANS 78 USE INSTEAD VALUES OF AN 
tee FECTIVE THRESHOLD! TI MOTION, WHICH ARE DETERMINED BY 
SRSERVING aly BPERATOARIS CONy7ROL BEHAVIGRe HOwEVER, IT wWaS 
FRBFASEC THAT DATA CONCERNING 'EFFECTI ve THRESHOLDS: TO MOTION 
ARe NOT AS IMFERTANT AS DATA DESCRIBING + ACCEPTABLE MOTION 
ReGLIREMENTS,» WeICR SHOULD Be DETERMINED USING ThE TECHNIGUES 
SLTLINGC IN Tee FIRST PART OF The PAPER, 
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eee err errr rrr rer er Pee eT ee ee PP PPP Pee Oe eee FeO 


GLNERY, Aewe MAN AND MOTION CLESe FAPER PRESENTED AT THE ROYAL 
AE TANALTICAL SOCIETY SYMPOSIUM BN 'THESRY AND PRACTICE IN 
FLIGHT SIMULLATIAN\t, LONDON» ENGLANDs APRIL 19766 


* ABSTRACT «* 
Te ALTEER ARGUES TRKAT TRE ACCEPTABLE MATION CLE REQUIREMENTS 
FS" FLYGHT SIMULATION SRHOLLD BE DETERMINED BY CBNSIDERING THE 
EF"eECT oF MATION CUES ON THe BPERATER'S CONTROL TASKe 


Sr’ LL atTars PRevICe CISTLRBANCE AND MANGEUVRE MOTIVATION, DEw 
FrheO as ChANGeES JN THE AIRCRAFT'S METION ARISING exTERNaLly 

AN” INTCRNALLY, RESPECTIVELY, TO The PILOT'S CONTREL LOOP. DISe 
RLU IMENTARY LEVEL. MANSELVRE MOTIBN (FREDUCED BY CONTROL ACeo 
TIVITY) NEEOS TS BE MORE ACCURATELY SIMULATED WHEN IT IS 
ERPVICED, HOBnEVER, MANBEUVRE MOTION NEEDS BNLY TE BE PROVIDED 
werN aN UNSTABLE VEHRTICLE IS SIMULATED. IT IS SUGGESTED THAT THE 
valles AF M8TISN Cle NECESSARY FOR THe SIMULATION GF PARTICULAR 
vEFICLeS SRSULD Be DETERMINED BY DESCRIBING THE VALUES OF THAT 
Mevyen Clg WHyCk PR@DUCe CanyzROl aCrivitY FRem tHe Prler WHyCH 
IS ACCCFTABLY SIMILAR TB THAT PREDUCED IN FLIGHT 


Tee ALTRAR Next DISCUSSES THe CRARACTERISTICS OF THe ore 
SyvS7em rN ReLatTron 78 FLIGHy SIMULLATIBN, ANGULAR M8TION CUes 
ShPLLO ee CeFiheD IN TERMS GF ANGULAR ve lL6CITY, SINCE ByER THE 
FRegleNCY SaANCwyOTh BF ee PROVIDED IN SIMULATORS, " YNAMIC 
Reseense aND The THReSkOLD ResPBNse OF THe SEMICIRCULAR CaNals 
TS CeTeAMINEO By STIMULUS veLOCITY, THRESHGLOS ARe JMPERTANT JN 
FLicky syMULarrIenN 76 FIx FLEGR aND CEILING VALUES F@R ten CUgS 
aN? waSk@LTS ReSPeCrIvely, BUT THERE ARE INHERENT PHYSICAL AND 
FeYCheLaGiCal O;FFeReNCES BE TMEEN LaBBRAaTORY sTUOlEs AND TH 
APeharpanal FLyGhy SyMULATAR, i A el A S8 PROFBUND 
aS 7@ Mawe Ip UNLIKELY Hay aBSOLUre MByION TH ESHBLOS CaN B 
ExTEaPGLaTe® FReM 6K_e TO ue 3 eee tke AUTHABR ARGUES FOR 7 3 
aCRFe An BF eFFeCrrye TRReSHBLYS 78 MByy6N IN SUBSTITUTION FB 
GchscARY RR Srebdg , THESE BEING AL a FReM MINIMUM LeVekS 

QF RATAN 1Cr ALTE 6 PeRsaToR TRACKING PUTPUT, 


ery rrrrrrrrrrrrrerret irre rrrcec ele ree See Cee R RR ee eee 


GLNCRY, pewe ThReskALDSs OF PERCEPTYON FAR PeR;@LyC LINE ,~R 
MATIAN, AVIAT. SPACE ENVIRON« “EDs 49(&)3 679=686% 19788 


* ABSTRACT * 
reTC FaceR Reviews 4 RePORrS WHICH OOYE INVESTIGATED THe ABSEO. 
Lit, yeRE ROLL AF a CeFTIA6N QF A a LINEAR MOTION. THE 
Gales eF the UP foe? , SOMATeSENSERY, AND vISUal DetECTION 
ee aNISMS JN ELE MINING aes type are DySCusse>, MeSy 
teReShALO Carta PAR ASCILLaATION at FREQUENCIES BELOW 4 HZ REFLECT 
eet tah aNO S8Ma~POSENSBRY DeteCTION, AND SHOW A FALLING 
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THRESHALD AS The FREGUENCY RISES. THIS 1S IN ACCORD WITH NEURGe 
FLYSTBLAGICAL DaTA BF OTALITH AND SOMATASENSBRY FUNCTION. THE 
MATA FSR FEGLEACIES ABOVE 1 HZ REFLECT AN UNKNOWN MIX GF VISe 
LAly» 8TBLITHs AND SOMATESENSORY INFLUEAXCESe TRESE CATA ARE T88 
FETERBGENBLS TE INCICATE WHETHER THRESKALD RyseES OR Falls as THE 
FREGUENKCY °F STIMLLATIEN INCREASES 


were r re eS cee eT EPSCCESC ESOS CLASES ASE ES EEC TPP CCAS EEC PST PPE ES 


GUNDRYs Aece EXPERIMENTS 8N THE DETECTIGEN 6F ROLL MBTIEBN’ 
AVIATe SPACE ENXVIRONe MECe 49(5)8 6579664. 19780 


* ABSTRACT * 
FeLR EXPERIMENTS INVESTIGATED TRE DETECTIOBN BF WHELE-BEDY RELL 
MATIAN BY NORMAL ADLLT MALESe EXPERIMENTS 1,3, AND 4 EMPLEYED 
AN EARTReFERIZON TAL ROTATION AXIS, AND EXPERIMENT 2 AN EARTKo 
VERTICAL RETATIEN AXISe CS8MPARISON BF EXPERIMENTS 1 AND 2 
SkAweC THAT The FRESENCE BF GRAVIRECEP TOR geet: NCREASED THe 
RaNGe BF CeteCTaplL_e ANGULAR ACCeELERATIANS AN fer eD The TIME 
ReGlyReD FAR CeteCTyeh. IN EXPERIMENT 3, STJMULI WERE PRESENTED 
FRAN a SyCeeCBWh BRyENTATIAON AND THIS INCREASEC DetTeECcTISN TIMES 
weHEN COMPAREC 7S ROLL FROM THe UPRIGHT, EXPERIMENTS 4, 2, ANC 3 
Lsrl BLYINCFOLCEC slRueCTss; HOWEVER, EXPERIMENT 4 FOUND Ne EFFECT 
8N\ CETECTISN TimeS BF VIEWING A HEAD-STABILIZED VISUAL TARGET. 
Tre ByeRALL Cata SkOw DeTECTION BF ANGULAR POSITIEN AND veleCiry 
ANC SUGGEST SYNPRGISTIC ACTION OF THE SEMICIRCULAR CANALS AND 
GRAVIRECEPTO8RS. Tee INFLUENCE SF SOMATASENSBRY STIMULI IS 
CONSICERECe FINALLY» IMPLICATIONS GF THE FINDINGS FOR FLIGHT 
SIMLLATORS ARE CISCUSSECe 


errr rrrTerrrrerverCECCLOSCCC COOSA SSS Te SA eh a del 


GWINNETT, weE, = AMUSEMENT DEVICE 
FATENT NOe 19789%68& 
FILED 8CTe i» 1928 GRANTED VANe 20, 1931 


\® ARSTRACT 
Por re PrPrVrEREETEPCPCPTOEOC CECE SS OSCAR ET ES ETE SEERA 8! 


KAAS, RiL,, HOTZ, ye, ANC MILLS, G,R, 

Tre LaRGe AMPLITLCE MULTIeMODE AERESSPACE RESEARCH (LAMAR) SIMU, 
LATER, AIAA FAFER N90 73"922s AIAA VISLAL AND MOTION SIMULA> 
TISN CANFERENCE, FAL® ALTO, CA» SEPTEMBER 10°12 1973 


* ABSTRACT # 
THe Lava SIMULATOR, CURRENTLY BEING FABRICATED BY NORTHROP 
CARFARATION FAR tre USAF FLIGHT DYNAMICS LABORATORY, IS 
CyrSCLssed IN pers PaPER, THE USAGE OF THE SIMLLATOR SYSTEM AND 
FIGHLIgkTS OF ITS EVOLUTION ARE BRIEFLY SUTLINEDs ThE MAYOR 
SLPSYSTeEMS ARE CeSCRIBEC, WITH PRINCIPAL EMPhASIS GN THE 
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¢ 6F ThE C8CKPIT, MATIAN SYSTEM AND VISLAL DISPLAY 
SYSTEM, MAUBR CANSITCERATISNS IN THE DETAIL FARMULATIA6N OF THE 
CE\CEFT ARE PRESENTEDe TRE PRINCIPAL NEW DESIGN FEATURES OF 
TEIS SIMULATOR ARE: 


FrATURES 


(A) THE MATIGN SYSTEMIS TRAVEL LIMIT AND DECELERATION 
CEVICES AND 


(2) THE TARGET PR@YECTSR WKICH HAS A DUAL CAPABILITY © TA 
PRACECT EITRKER A NARROWeANGLE (15 DEGREES) BEAM FQ@R 
A TARGET AIRCRAFT IMAGE 8R A WIDE*ANGLE (60 DEGREES) 
REAM FAR A DETAILED TERRAIN IMAGEe CRITERIA USED TB 
SPECIFY TRE REGUIRED SYSTEM PERFARMANCE, AND REASBNS 
FAR SeLeECTION OF THESE CRITERYA ARE ALSO [NCLUDED, 


Cee ee Set ee eer rrr rr re ee ee Pe PPP eC PPP Pee PP eT PP eee eee ee eee 


reCkKLER, CoTe MBTIBN EGUATIONS FAR HOVERING EXPERIMENT USING 
PY¥\aM1C PLATFERM, BELL KELICOPTER CARPARATIGBN REPERT! 


R27 8-55C+CO5* APRIL 196Ce 


* ABSTRACT * 
Tee PLREASE OF THIS REPART WAS TB ACQUAINT PERSSNNeL CONCERNED 
e1TR CONDLCTING ThE HOVERING EXPERIMENT USING THE DYNAMIC 
ST'LLATOR PLATFORM WITH The PROPOSED AIRFRAME EGUATIONS OF 
MATION, THE EGLATIONS, REPRESENTING AN HTLe7, WERE COMPLETE, 
BLT CAUFLING NeThORKS BeTWEEN COMPUTER BUTPUT AND SIMULATBR 
TNELT weRe Yet 7e Be CeTERMINEO, THUS THE DISCUSST6N WAS 
Ce’FINeC T9 The MOTION EGUATIONS, THEIR MECHANIZATION, AND 
Dy\aM1C RESPANSE 78 IMPULSIVE CONTROL ~PPLICaTIONS, 


Cer rr er rrr rerrrrrrercere cere ee Pe CARR eee hee ee oe ee 


FALL, Eekes PARKER, UeFeo URe» AND MEYER, OeEo 

a S7lcY oF AIR FARCE FLYGHKT SIMLLA~ATOR PRAGRAMS, USAF 

OMPL TR e701 AcROSPACE MEDICAL RESEARCH LABBRATBRIES, WRIGHT. 
FaTTERSA’ AFB, BKIS 1967 


* ABSTRACT * 
TRIS Ree RT DeSCRIPES Thee FLIGHT SIMULaTOR UTILIZATION AND 
TRAINING PRACTICES WITHIN THe LS, AIR FORCE, OATA ARE 
FReSeN te! CONCERNING SIMULATOR TRAINING 88vECrIVES, CURRICULA, 
INSTRUCTYONAL MeTHSDS, FERS@NNEL, ANO cUPPART FACTBRS WHICH 
aFreCy UrILIZATISN AND FPROEGRAM EFFECTIVENESS, INFORMATION 
SelatyN€ 78 Tre ee US: OF FLIGHT SIMULATORS BY PILEGT 
TRATNING FERSBAKEL JTS INCLUDED, IN ADCITISN, ReECOMMENDATIBNS 
An” Re SenRCr 1SSleS ARE PReSeNTED FOR [MPROBVING The cFFECTI ve 
LytlrZzaTiO® 9F EXISTING FLIGHT SIMULATERS ANO FOR The 
MevelePreNy OF FC rune SIMULATOR TRAINIAG REQUIREMENTS AND ~ 
FRICKAMS. 


POURPT PEPER EICITOCBOCCC COCCI CCPC ASSES RAR AREER AEA ED 
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hAMMERTSA, Me 'tTRANSFER SF TRAINING FROM A SIMULATED TO A REAL 
Cat;ReaL srTUaTISNs, APPLIED PSYCkeLAGY RESEARCh UNIT, CAMBRy Ge, 
EXGLARC, 'JOLRNAL AF FXPER]MENTAL PSYCHOLOGY, BOL, 66, NOV. 


19632» Fe 45C*4530 


* ABSTRACT * 
THIS REeARTS aN examMINaTISN BF TRANSFER GF TRAINING WHEN TASKS 
CrFFerel BNLY JN CISPLAY APPEARANCE; ANGULAR CONTROL/DISPLAY 
ReLaryENSFIPS weRe pOeNyICaL, aN EXPERIMENTAL GROUP GF 44 
LNSKILLED S'S weRE TRATNEC BN A CRT TA CONTROL The MOVEMENTS 
AF A TEOLLEY MAavING aL@NG «a MyNtaTURE RallLWaY;, A CeNTREL GReUP 
AF 45 SS F acqicey 6N Tre Real TROLLEY aB INITIO.’ INITIAL 
TRANSFER WAS PHAR (047% BY BNE MEASURE); THe PERFORMANCE 
CeCReMENT BEING PROBNOLNCEC (P LESS THAN 04%)— SAVING, HOWEVER, 
wAS CONSIDERABLE (GREATER THAN 70%)~« CONCLUSIONS ARE 


(A) METAR RESPONSE JS N8y IMMEDIATELY TRANSFERRED, OESpIte 
ICENTICAL CYNAMICS AND CYSPLAY KINEMATICS, 


(2) RECOVERY &F SKILL IS VERY RAPIC 


(C) THESE FINDINGS MAY BE ATTRIBUTED TO STIMULUS 
CAOMFAUADIAGe 


TREE CER PT ERE ECE OSCE CERES ECS TP ECAC EC ECE SPEER PTE PPA ee DL 


FAMMERT8N» Me MEASURES FAR THE EFF YCYENCY BF SIMULATERS as 
TRAINING CeyICES, tERGBNOMICS', 40: 630659 1967° 


* ABSTRACT # 
The DYFFyCULri¢s OF pal SLITABLe MEASURES FOR THe 
cFFICIENCY OF BreuLat R- TRAINING Devites ARE BIscusseo, AND 
Seve OF Tre FITFALLS ARe POINTED BUT, SEVERAL FORMULAE ARE 
CrSCLSSe0 IN LIGHT BF What A POTENTIAL USER WELLD wISH TO KNEW; 
AND S@vE ARE RECOmmENDEC FOR USES 


HM EERE HEHEHE HEHEEHEHHEHHHHEHH HEHEHE 


FARCY, GeCe ANC CLARKs CoCo 'THKE DEVELOPMENT OF DYNAMIC FLIGHT 
SIMLLATIAN',s AERB/SPACE ENGe 1959, 185 48°520 


* ABSTRACT *# 
TRACES BRIEFLY Tee CeVELOPMENT SF DYNAMIC FLIGHT SIMULATORS 
FRAY acFBRE WARLD WAR TI, THE ARTICLE THEN TRACES THE 
MeVeLBPMENT AND USe BF THE LARGE HUMAN CENTRIFUGE AT THE 
NAVAL AIR DeveLOPMENT CENTER, DESCRIBING ITS CAPABILITIES, ITS 
LSe AND S6Me 6F Tre RESLLTS OBTAINED IN THE Xe15 SIMULATION 
FRSGRAM, FINALLY, IT EVALUATES BRIEFLY THE CENTRIFUGE AS A 
hYNaMyC FLIGHy SYMULATOR, 


were PPT TEC CEC PPP UC CEC EC CSE P SPCR eR RAS Eh eee hl 
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KATFER, Cote SIMULATIEGN FAR AERBSPACE RESEARCHe NORTH ATLANTIC 
TRUATY ERGANIZATIAN, 'ACVISBRY GRBUP FSR AEROSPACE RESEARCH AND 
DE /ELSPMENT's AGARD@GRAFh 99s FEBe 1964. 


* ABSTRACT * 
TRIS a~GaPCAGRAPR CANTAINS EIGHT PAPERS PRESENTED AT THE 24TH 
AGSRO FLIGRT MECKANICS FANEL MEETINGs AMES RESEARCH CENTER, 
CALTFARNTAs USA, IN FEBRUARY, 1964+ THREE MAJOR ASPECTS 6F 
SIMLLATIAN ARE CEALT WITRe FIRST, THE FLECTRBE MECHANICAL @ 
SETICAL SYSTEMS FARMING TRE SIMULATION KAROWARE AND THE 
asSecyaTe0 C8MPLTING FACILITIESS SECOND, EXAMPLES 8F SIMULATION 
GESEARCe APPLIEC TO AIRCRAFT PROBLEMS; AND THIRD» EXAMPLES 6F 
SIMULATION RESEARCH APPLIED TE SPACECRAFT PROBLEMS. A 
MYSCLSSTSN BF The SIMULATION RESEARCH PROBLEM FROM A HUMAN 
TNGTNEERING STANCFAINT FRECEDES THE HARDWARE, AIRCRAFT AND 
SEACECRAFT SECTIANe (AUTHOR) 


Tre re Seer rrrrrrere eee eee PCPA PPC AP Pee eee PPP PPP Pe ee hee 2 ee 


FARRIS,» Wwe Te 

ACCEFTAKCE TESTING BF FLYING QUALITIES AND PERFORMANCE, 

c@ckerr MOTION, AND VISUAL DISPLAY SYSteM SIMULATION FOR FLIGHT 
SIMLLATIRSs 

tNAVAL TRAINING EGUIFMENT CENTER! 

REPART KAVTRAEGLIPCEN Ike2515 MAY 1977. 


* ABSTRACT * 
TAC AY)S FLIGRy SIMULATORS ARE BEING CALLED UPBN TE PROVIDE 
rRarsy\G IN GETAINING BaSIC FLIGHy SKILLS AS well aS THE 
RATA TEN AKEE 8F FLyGkT SKILLS AND SYStTeM GPERATIGN PROFICIENCY 
BY exEcRieNCeC aVIATORS, IN SOME CaSes, THe ACCEPTABILITY GF 
tee FLIGHT SIMLLATARS PLRCHase® BY tHe U,S, NavY HAS BEEN Less 
THAN CespheD, TRIS STUCYy ADDRESS_eD THReE AREAS OF ACCEPTANCE 
TESTING, IN PaRTICULAR, FLYING GUALITI¢S AND da 
CACKE ry MOTTAN gC yisdal SyMULaATIAN, PREPES SPeCyFy ATION 
LaNGlaGceS OppaILING teSrS 178 Bg PERFORMED, Re COMMENDED 
FREC CURES, teSt CRiteRIa AND SLGGESTEC roL_ ANCES aRe INCLUDED 
AS ABECNSIXES. ThHeSe AFPENDIXES MAY Be DeTACHED FSR 
INCeESENCENT LSE, 


Tr rrr rrr rrrrrrrrrrre ree eee eS P RPP PPC eee PCP PPP PPP PP Th 


KAYDCEN, Wele ANALYTIC TECHNIQUE FOR ESTABLISHING THE MOTION Ree 
GLUTReMeneS FOR a GRALND.SBASED AIRCRAFT SIMULATOR. 'talAA VISUAL 
AND MarraN SIMULATION TECHNOLOGY CONFERENCE PaPER! 709*348, CAPE 
CANAVERAL» Fle MAR 46°18 1970° 


: * ABSTRACT # 
AN aNaLYrIC Teen SKE WaS ye i ESTABLISH THE MOTION 
ReGlyRemeNTtS FOR a MEVINGSBA LIGHT SIMULATOR, SeVERAL 
MATION Clive TECHNIQUES FOR THE MOVING BASE ARE EVALUATED FROM 
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hETCh A wWASHALT TYPE CRIVE CBNCEPT 1S SELECTED. The SELECTED 
PRIVE TECRNIGLE AND TRE EGUATIONS BF MOTION FAR AN AIRCKAFT ARE 
FRAGR AMM ED IN A COMPUTER, TIME mrere tips BF AIRCR AF 7 CeNTROL 
SLFF aCe BeFLeCrrO@nS DLRING TYPICAL aIRCRaFr MaNcelveRS ake USED 
aS INecTS T8 The ATPCRAFT EQUATIONS OF w8TION, THE RESULTING 
ATRCRaFy aCCeLeRaTIGNS ake USED as DRIVING INPLTS 18 A 
Sy’bLarelC “O8VING BaSe FLIGHT SIMLLATOR MECUANI Zee IN JHE 
CAMELTER, BASED BN Tee TIME HISTORIES BF THe SIMULATED 

PaSe MSTIONS, Tre “AXIMLM VALUES BF ACCELERATION, VELOCITY, AND 
Err aee ENT ReglUyReO FaR caCk axys OF LAS SIMULATOR ARE 
CETERMINEE, 4 CAMPaARISON BF Tee SIMULATOR 76 THE aTRCRaF 7 
aCCelLeRaTIANs AT The PILOT'S STATIBN pies PERTINENT 

TNF BRMaATION Relative 78 ia Oe SRee eF PeRCe TUAL FIDELITY 
WATAINEC F@R gACk syMllarte? MaNelyeR, (AUTHOR) 


TEP ECPeCrrTEEOESeEeCPRPC CC eC eee ee ee Pee eT PP ESE CERES PCP RPP PL ee Se eS 


FEINLE, CoRe 'TeE LSE BF PyLA@TED SIMULATORS JN ThE STUDY OF 
VTL FLIGRT'. NASA CONFERENCE BN VTGL AIRCRAFT, NATIONAL AERS. 
NALTICS AND SFACE ADMINISTRATIUN, LANGLEYe 19608 


* ABSTRACT «# 
INVESTIGATION BF TRANSITION CHARACTERISTICS WITHIN BOUNDARIES 
IMP8SeD BY AIRSPEED, ANGLE BF ATTACK AND STRUCTURAL LIMITS O6F 
FLaAF CeFLeCrrien, STATIC SIMULATION MaCe IT vERY OIFFICULT BR 
IvP@SSIe_e FOR PILOTS TE EFFECT TRANSITION AT ALLe PITCR AND 
FALL CACKPIT MATISNS ALLOWED PILOTS TB EXPLERE AND COMMENT BN a 
wI°E REGION BF TRANSITION CANDITIANSe 


INyeSTIGATION SF h6vER ChARACTERISTICS IN SyaTIC SIMULATION 
antene N Rect COCKPIT “B7ISNS ACDED, RALL tits PERMITTED 
PeTTER CANTROBL OF SWAY veLSCITY AKO ROLL veL6CITY, 


eC rr rr Cer rrrrerere eee ee Pe POPE PPP REESE RE EEC RRP PPh ee ee 


ke LC, Ry, CICRGANS, ve ANC BAUER, J, CHARACTERISTICS BF MByING 
VISLAL SCENES INFLUENCING SpaTIAL ORIENTATION, 'VISION REw 


* ABSTRACT # 

A VISLaL CISPLAY ROTATING IN A FRONTAL PLANE [NOUCES EFFECTS 
EGLIVALENT T8 A ChANGE IN The APPARENT DIRECTION OF GRAVITY, 
PaGNiItlle BF yISUaL Tit WAS MEASURED AS A FUNCTION OF TIME FROM 
NSey OF RBTATIGN, VELOCITY BF ROTATION AND AREA AND RETINAL LBe 
CATIAN BF THe STIMULATING FiIeLO, THE MAYOR PART BF THE TILT 
SCCLRS WITKIN ac SEC FRAy ANSET BF STIMULATIENe IT INCREASES 
WITR ANGULAR vELACITY, BUT INDEPENDENTLY BF AREA AND LOCATIOBN 

AF FleLcC, LP TA ABSBLT 3c TH 40 SF ROTATION PER SEC AND THEN 
LEVELS OFFe TILT INCREASES WITH FIELD SIZE BUT ThE EFFECT OF 
THIN RIAGeFIELCS INCREASES WITH RETINAL ECCENTRICITY. THE INe« 
Te aC yer BF yrslbal AND NONyISUAL DETERMINANTS 8F The INDUCED 


EFFeCTS 1S DISCUSSED. 
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he FELMBFE = MECRANISMS FAR SIMLLATING THE MBVEMENT OF VEHICLES 
FATENT AAe 3230690795 


NATE FILEC = CLLY 126 1961 DATE GRANTED = MARCK 21,4 1967 


Nt AS SCTRACT 


HE EEE HEHEHE HHH HH He 


hESRMANN, Co = AMLSEMENT DEVICE 


FATEKT Ae 22528816 


NO ABSTRACT 


worr rer rece rere erree ee SPST PPC PARSE RECESS PCP OPPS Pe 2 


heSS, Sao A METRAC FAR GENERATING NUMERICAL PILOT GPINION Raw 
TIT GS LENG The AETIMAL FILET PACeL, rAMES ReSeARCh CENTER, 
MeFFery FIgLC, CALIFORNIA FOR Tre NATIONAL AERENALTICS AND SPACE 
ACh INTSTPATION, NASA TECHNICAL MEMGRANOLM NASA 1TMx73,101, WASH. 
INC TAN, DeCes 19760 


3 * ABSTRACT * 
a SerkAC FER GeNe RATING NUMER TC AL PyL@7 BPINION RayINGS USING 
tee SeryMaAL FyLeaT MeCeEL ITS JNTRACUCED, THe MeTRBD IS CONTAINED 
IN a RaTING FYPOTRESIS wRICH STATES That THE NUMERICAL RaTING 
hKhTCk 4 KLMAN PYL67 ASSIGNS 76 A SPeCIFIC venteee AND TASKS 
CaS @e CrReCrly Related Th THe KUMERICAL vALUe BF THe INDEX OF 
Ref FaRMaNCe ReSlLTING FReM ThE SPr MAL PyLEr MADELING Sigete a 
AS aPelLIcC TO TeatT i AND TASK, THE HYPOTHESIS IS TESTED 
LSTNG tke Cata FROM FOUR PILOTEC SIMULATIONS, The RESULTS 
INCICate TRAT Tee ByPOThESIS IS ReaS6Naale, BUT THAT THE 
Ske CiCyive CAPABILITY OF THe MeThOO IS a STRONG FUNCTION BF yHe 
ACCLRACY BF tree Prl6Oy “6Cel prSelF, srrS ACCURACY JS, IN TURN 
SePeNCeny LPON zke FaRaMe TERS “FICH Der INE THe BPTIMaAL MODELING 
FREEL EM A FRE cELRe Fer SPECIFYING The PARAMETERS FOR THE 


SErIMaL SILO MEDeL IN The ABSENCE OF EXPERIMENTAL DATA IS 
SLOGESTENe 
EH HEHEHE EHH HHH HHH HE 


hrLL ET alk = KINESTRETIC CONTROL SyMUL,TAR 


FATENT NQe 34855736 
eplet APRIL ao, 197¢ GRANTED VANe 44, 1975 


K® ABSTRACT 


eee eee ee ee eee Pe Pee. Ce RCP R Ree eRe ehh ee eo 
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rILL» PeRes THOMAS, DAVID Fe URe 

KINESTRETIC CANTROL SIMLLATGRe 'UeSe PATENT', NASA, FILED 
APRIL 2Cs 197Ce 


* ABSTRACT * 
A KINESTRETIC CBNTREL SIMULATOR RAVING a FLAT BASE UPSN WHICH 
RESTS A SLFPART STRUCTURE HAVING A LOWER SPHERICAL SURFACE FER 
RATATIAN BN TRE BASE PLATE WITH CA@LUMNS WHICH SUPPART A FLAT 
FARM aB3VE The SLPPART STRUCTURE aT A CeSIRED LOCATION WITH 
RESPECT 76 The CENTER BF CURVATURE 6F TRE SPHERICAL SURFACE, 
4 KANCRAIL IS AT APPROXIMATELY Tre ELEVATION BF THE HIPS BF THE 
APFRATSR ARBVE TRE FLATFERM WITh A RING ATTACHED TE THE SUPPERT 
STRUCTLRE WHICH MAY BE USED TA LIMIT TkE ANGLE BF TILTe FIVE 
reGREES AF FREECAM=BFeMBSTION CAN BE BBTAINED BY UTILIZING AN 
ayR Pal STRUCTURE FAR SLPPORT SF THe CBNTROL SIMULATOR, 


Creer re St eer eee ee eee eee Te eC ee Pee CP PP CP PP PPP PAP Pe ee eG 


KIRSChy Meoue ANC WEYMBLTHs Fee 

CISTANCe CISCRIMINATION: Vv, EFFECT OF MOTION aND DISTANCE OF 
TARGETS BN MBNBCLLAR ANC BINOCULAR DISTANCE DISCRIMINATIEN, 
tAVIATIGN MECICINE', CECEMRER 1947. 


* ABSTRACT * 

TKE TESTS AT FRESeENT USEC FOR THE MEASUREMENT 6F DEPTH ACUITY 
aARe CesrGheD 176 cE IM INATE THESE JNOIVICUALS WHE POSSESS BR 
bab teCaklY USe ONLY ONE EYE, UNDER THe CeNDITI6NS GF THE TEST, 
-ByN@CLEAR CePrh aClyTY IS ple “igh thn MANY TIMES AS 

SeNSttI ye AS MENBCULAR, HOWARY FBUND MBNECULAR THReSHELDS 
when TIMES AS GREAT AS BIN6CULAR THReSHELDS FER NINe 
SBSeRyeRS, WeIle CeY8, TESTING BNE HUNDRED AVIATORS AT MITCHELL 
FIELO wIte The Ee GULAt IER HAWARD.OSBLMAN APPARATUS, FBUND 
TREESFSLDS WKICk AVERAGED 6435 TIMES AS GREAT FOR MBNSCULAR 

AS FOR BINOCLLAR, THE CISCREPANCY BETWEEN THe TWO MAY BE 
ACCRUATEN FOR AT LEAST FARTLY BY THe FACT THAT HBWARD USED A 
CONSTANT MeTRBD BF STIMLLLS PRESENTATION THE 75 PERCENT FBINT 
AS The TRRESKOLC, WHILE CEYe EMPLOYED THE AVERAGE ERROR METHOD 
CUSTOMARILY Lsel WITH Tee HBWARDeDBLMAN APPARATUS, CLEARLY, 
hKB*EVER, AT TRE € METER CISTANCE AND USING THE KOWARD 
APPARATLS, BINOCULAR THRESHOLDS ARE MAKY TIMES LOWER THAN 
MANACLLAR, Tre HOWARD TEST, HOhEVER, IS UTILIzEO Te SELECT 
AVTATBRS WhASe CUDGMENTS BF SPATIAL LOCALIZATION WILL BE MADE 
NAT AF THE USLAL STATISNARY TARGETS, BUT BF A FIELD IN METIBN, 
FLA TmeRMARE, Tre TEST IS CUSTOMARILY ADMINISTERED AT 6 METERS 
weILe Tee TASKS ARE CARRIED BUT AT VERY MUCH GREATER DISTANCES, 
THLS, Th® CISCREFANCIES EXIST BETWEEN TRE TASK AND THE TEST, 
THAYy BF DISTANCE ANC THAT SF MOTION, IT IS THE PUR. GSE GF THIS 
rae TB EXAMING The EF FECT SF THESE TwO VARIABLES UPON BETH 
MANACLL AR ANC BINOCULAR THRESHOLDS AF CISTANCE DISCRIMINATION, 


tke FeSlLTS INC [Cate THAT We MUST SERIGUSLY QUESTION THE 
vALICTTY BF Tee HOWARD.CELMaN TEST AS A USEFUL DEVICE IN 
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SELECTING AVIATORS. WHILE THIS DevrCe SUCCESSFULLY ELIMINATED 
FUSCTISNALLY MANACLLAR INCIVIDUALSs, THE MBNACULAR INDIVIDUAL 
MAY Pe aS WELL AF AS THE BINOCULAR ANE wHEN TRE GREATER 
PISTANKCES SF AVIATIAN ARE ENCOUNTERED and “HEN ThE TARGETS ARE 
KAT STATIGNARY BLT IN MOTION. TRE FACTARS BF CISTANCE AND 
MATIAN BERE DISCUSSED MAY WELL EXPLAIN THE SUCCESS BF MONOCULAR 
Frlets, NOTABLY WILEY PEST» IN ThE PAST. IT IS UNFORTUNATE 
TREAT Tre FACTBRS BF MOTION AND CISTANCE CAULD NOT BE 
INZT@REBRATED JNTA A SINGLE TEST,» IF A SUITABLE APPARATUS CBULD 
Ge Cevisel, TRE TESTING OF BATH MANSCULAR AND BINSCULAR VIS]6N 
.JTF adXC WITROLT MOTIBN AT DISTANCES MERE NEARLY COMPARABLE 
aTTR TRBSE ENCSLANTERECD IN AVIATIEN MIGHT GIVE GREATER 
PEFCICTIVE VALLE T@ FRELIMINARY TESTSe 


OY HHH HR HEHEHE HEHEHE RENEE HEH HEHEHE 


FITCKCRCKs Ley CRe AND MBRWAYs Dede 

ta CYNAMTC SIMULATION STUDY BF ThE ShEPTeWING TRANSPORT AIRCRAFT 
IN SeyeRe TURBULENCE. UeS, NAVAL AIR DeveLGpMENT CENTER, 

NAT ROM e6807, VBRNSVILLEs PAs SCTGBER 19686 


* ABSTRACT * 
ter HUM~n CENTRIFUGE, HBLSED AT THe AEROSPACE MEDICAL RESEARCH 
RePaRyMenT BF Tee NAVAL AIR DevelePmeny CENTER, JEHNSVILLE, 
waPMINS TER, PeNtSylLyaNta Has SER VED AS a MOTION SIMULATOR FOR 
aLl SF tee NaTION+S MaNNeO SPaCeCRaFT. IN 4964, THe FEDERAL 
AVIATION AGENCY eleCreD 78 USe THIS FaCyL ITY aND EXPERIENCE 76 
STLCY The PROpalLeM OF SeyeRe TURALLENCeE PENETRATION BY SWEPT. 
at! G Ce7y TRANSPERy AIRCRAFT, THIS REPORT DISCUSSES THe MeTHEDS 
eMFLS¥e0 [Th FRECUCING The GROBUNC.BASED, CLeSeD.LOeP DY AMC 
SyhLLaTISN ANC Tre RESULTS THAT keRe GBTAINED, The BOEING 
Jore® waS SELECTED AS ThE BASIC AIRCRAFT FSR THIS SIMULATIEBN 
PeCause BF ITS EXTENSIVE USE IN CA8MMERCTAL GPERATIENS AND THe 
AVATLASILITY OF tke N CEcssary AERODYNAMIC DATA. A MOCKUP: GF 
tee goo COCKFIy INCLUDING FUNCTIONAL FLIGHT INSTRUMENTS AND 
CahyR§ic WaS FaakyCateD ahO INSTALLED LPON a KYORAULICALLY. 
aCtIvaTe® SRAKe 7aPl MOUNTED INSIDE The CeNTRIFUGe GBNDEBLA, 
tee CeNTRIFUGE was Us_D 78 SIMULATE Tke LONG.TERM ACCELERATIONS 
aSf6CyateC WITH FLIGRT Fath CHANGeS, The SHAKE TABLE 
ReFReCLCEO Tre b1Gh_eR FREGUeNCY LAAD CraNGES aSSSCIATED WITH 
SFSR 7 TERM ACRECYNAMIC RESPONSE, FIRST BENDING MOMENT 
(FLSeLaGe, RESENANCE) ANC STALL AND MACK BUFFETS. A COMPUTER 
ANALOG GF THE 7eceP AERODYNAMICS AND EGUATIGSN 6F MOTION WAS 
Fre GeamMeCl INT6 Tre CENTRIFUGE CONTROL CEMPUTERe THE 
er Learrah Was FULLY 1CLO@SeED LEGP1 IN phAT THE SUBUECT PILE7S 
ACTLALLY t Flew Tee CENTRIFUGE TKROEUGH THE 720 COMPUTER 
FREGR~AM, THE CaMPUTeR FRESENTEC REALISTIC FLIGHT INSTRUMENT 
FrePlaYs aND alsa CeMMa~nleD HE ig etal ae | M67I6NS re REPREDUC 
tee ACCELERATIONS WHICH WOULD Se EXPERIENCED BY THe PILOT UNDER 
Cy*yLaR CONDITIONS IN Tee ACTUAL AIRCRAFT, MAGNETIC TAPE 
SeCARCINGS GF TLRBLLENCE heRE B8BTAINED FROM THE NATIONAL a 
crf RMS FROQECT. TheSE TAPES MADE PASSIBLE THe INTREDUCTION OF 
Severe TURBULENCE IK THe AIRCRAFT CaMPUyER ANALGG AT ANY 
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SeLeCreC PSINT IN Tee SyhLLare® FLIGHT, He MAGNETIC TAP 
sene™ Cons isTel BF ROTH LATER AY AND VeRTICAC cst RECORD ;NGg 
wkICH hWeRe IN7REOLC ED DyReCyLY Jh7O THe AIRCRaF Tt acREDYNAMICS 
AS CraNGeS IN Ante 8F ATTACK AND SIDE JSLIP ANGLE, T6 PRODUCE 
ReALISTIC ATVESFRERIC DISTURBANCES OF The AIRCRAFT, MOST OF 
tke May6R COMPERCTAL AIRLINES INCLUDING REPRESENTATIVES FROM 
FIVe FOREIGN CBLNTRIES VOLUNTARILY PARTICIPATED IN THIS STUDY, 
MeRe TRAN toc AIRLINE CAPTAINS MADE TURBULENCE PENETRATIEN 
FLIGHTS IN TRE 7ecoeB CENTRIFUGE SIMULATOR, THE DATA SBTAINED 
weRe aNaLYZeC PRIMARILY IN teRMS BF THe PROBABILITY 
CYTS7RYBLTION EF Peak VALLES BF THe PRIMARY FLIGHT PARAMETERS 
aCRA@Ss ysCIlyrClal PILOT RUNS, IN ADDITION, THE CONCEPT BF 
PRABAPLe VeELSCITY.LAAD (FVN) DIAGRAMS waS DEVELOPED 18 BeTTER 
PeSCR be aXND CeMPaRe FLyGry CaNCry7yeNs, THe FENC USTENS THaT 
heRe DeRrveD FRAM THe CenTRIFUGE TURBULENCE PeNETRATIBN 
STIMULATION MaY Be SLMMARIZED aS FOLLOWS, THe GUALITY OF THe 
TURBULENCE SIMULATION WaS SUBJECTIVELY EVALUATED BY ALL OF The 
SLALECT AIRLINCS PILOTS AS BEING EXTREMELY REALISTIC, TEST 
Data CLeaRLY CeManstRateD THat The CURRENT ReCCAMMENDED 
PeNeqtRaTrON PRSCEDURES aRe FOR Tee MOS7 PART aDeQGlbate AND That 
The PIL@rs Lal Gite KILLING T@ ANDO CaPABLe OF COMPLYING WITH 
THESE PReCeD Fes, AN ELEMENTARY +t TURBULENCE FLIGHT DIRECTOR: 
PRIve0 79 Be a VERY SUCCESSFUL MEANS @F PROVIDING The PILOTS 
hITR TNFARMATION ENABLING THEM TO MAINTAIN MORE PRECISE SPEED 
CanrRek ant ReOLCeED Leal FaCreR. 


‘oC errr rere ererreePeCECO SS CPSP CPR SE SESS SEC CREE SERA RE EPR SRS RS SD 


FREY, ReGe CORRELATION OF yeoyS SIMULATION EXPERIENCE WITH 
FLIGKy teST FeStLTS. NORTH ATLANTIC TREATY BRGANIZATIAON, tAbyle 
sAaRy GRALF FAR APROSFACE ReseARCK AND DevelL6PMENT1, AGARD REPERT 
530 19668 : 


* ABSTRACT * 
TKe LSAF AND KASA FAVE ReLI¢D HEAVILY BPEN ENGINEERING 
SIMLLATERS DLRING THE PREPARATION FAR aND CONDUCT OF THE xXe45 
R6CKeT FAhWEREC RESEARCH AIRPLANE FLIGHT TEST PROGRAM, THIS 
PAPER O¢SCRIBES The SIMLLATIANS USED IN THE PROGRAM AND 
CeMFaReS SIMLLATION RESLLTS wITH aCTUAL FLIGHT TEST RESULTS, 
FLIGHT aNO SIMLLATOR PILOT RATINGS aReE COMPARED BVER A RANGE OF 
kaANCLING GLALITIFS FROM EXCELLENT TO UNCONTROLLABLE, FLIGHT 
TRAGECTORIES ARe PReSeNTEC AND COMPARED WITH SIMULATER 
ERE CICTIOGN APPARENT VARIATISNS BeTWeeN SIMULATBR PREVICTIENS 
ANU aCTlal PLIGkT ReSULTS ARe OISCUSSED AS TO THEIR CAUSE AND 
THEIR eFFECT BN SIMULATIGN CONFIDENCE, IMPROVEMENTS TS THE 
SIMLLAT§RS RESULTING FReM FLIGHT TEST DATA AND PILeT CeMMENTS 
ARE ALS6 CISCLSSEC. 


INCLUCED IS A DESCRIPTISN AF A REALSTIME SIMULATION 6F 
AgFADYNAMIC HEATING AND ABLATISN, THE MANNER IN WHICH THIS 
STMLLATIAN WILL Be USED CURING The xXeyq FLIGHT ENVELEPE 
EXPANSION FROyP MACK ¢ TO a, ANC COMPARISON BF KEATING 
SIMUL ATIAN RESULTS WITH CATA BBTAINED TO DATE, 
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TCC rrr ret fe ee rere rer eee re eae ee TPT PTC PP PAP PSP PAP eee SS | 


LALLEMAN, EoCe ANC WILSON» WeSe FLIGHTeSIMULATSR REGUIREMENTS 
FAW K]TGRePERFERMANCE AIRCRAFT SASED 8N X15 EXPERIENCE*® THE 
tAMERTCAN SSCIETY OF MECHANICAL ENGINEERS! ASME PAPER 63©AHGT#81 
LANs 1963 


* ABSTRACT * 
SPMLLATIAN —EXFERTENCE BBTAINED DURING TRE DESIGN AND FLIGHT 
TESTING AF THE X“15 RESEARCH AIRPLANE IS REVIEWEDe THE 
PRIBLEMe ENCALATERED ANC THE USE BF SIMULATORS TO SOLVE THESE 
FRIBLEMS ARE CISCLSSEDe SIMULATIE6N TECHNIQUES WHICK MAY BE 
LSFh IN TRE SLFERSSBNICeTRANSPERT PRAGRAM ARE CONSIDERED, 


PUTING TKESE RESEARCK MISSIONS, A PILOT EVALUATION GF THE 
STMLLATED MISSIN AND ThE ACTUAL FLIGHT WAS 6BTAINED. IN 
GENERAL, THE FILST RATINGS OF TRE FIXECeBASE SIMULATSR AND 
ACTLAL FLIGHT Sk@hED GO6D AGREEMENT. THESE CATA INCLUDED 
ALTITLOG MISSTONS INVOLVING EXIT ACCELERATIONS 8F 3G, NEAR QG, 
AND ReeENTRY ACCELERATIONS BF APPREXIMATELY 5G, 


Ter PILOTS INCICATED THAT Tee CENTRIFUGE SIMULATIONS WeRE 

ASP teWweTLE ANC NECESSARY IN GAINING A FEELING FOR HIGH 
aCCelLe*aTIANS, HOWevER, THeY Fely phat AFTER EXPERIENCING THe 
aCCeLeRaTISN eFFeCTS IN The CENTRIFUGE, THE Fixe .BASE 
er*ULarese WAS aCeGlUaTe FREPARATION FOR THE EXTREME xe15 
MISSTANS,. 


Cee rr rrr reer rere eee re ee ee ee ee PPP PRP ee SS 


RAPKIAS, E, FREPRIECEPTIGN ANO/OBR KINESTHESIS 
FeSCerTLaAL ANC MATBR SKILLS, 4972, 34% 431°435¢ 


* ABSTRACT @ 
aA SFS8t Review BF THe LiteRaTURe POINTS TE yHe CONFUSED USAGE OF 
vEFRBERBCEPTTON: ghD 1K Neer ete WHICH 1S {NCOMPar {Bbe wy 
THE S@@wECTIVENESS PeaeN EU @F CENrEeMPaRARY PsYCHOLAGY. THE KIS~ 
TAF Cal Devel OFPent BF tHe TeRMS IS TRACED SHOWING THAT 'KINES. 
THFEIS! KAS LNDERGBKE A CRANGE IN MEANING, RENDERING ITS PRESENT 
Spars SF CeFINITION INACEQUATE FOR THe a. S 6F EXPERI. 
Metral WARR, ReCAMMENDATIONS ARE MaDe FOR A MORE OBJECTIVE 
NeSCRyPy 6 OF FeECRBaCK MECHANISMS, 


Creer rrr kt errr rrrrrr errr err eee eT PPP PR PPT PPO ee oe 8 
kePKINS, C.8. Sn MUCK SHAULD YEU PaY FAR THaT BOX. 'PRES}DENe 
rrat aceRess, KLMaN FaCyORs seCletyy, ay TATION RESEARCH LABORA. 


rAFy, INstithte OF AVIATION, UNIveRSITY SF ILLINOIS, URBANA, 
CRAMPATIGNy TECKNICAL REFORT ARL@7y=41/AFOSRe7y=6s SCTEBER, 49740 
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* ABSTRACT * 
CAPTAIN RFSDES ABTED ThaT ALL HIS AIRCRAFT FLY LIKE AIRCRAFT. 
7207'S FAR EXAMPLE, FLY LIKE 707'S. HIS SIMULATORS CG NOT FLY 
LIKE AIRCRAFT ant MY SIMPLISTIC ANSWER IS THAT THE REASON THEY 
Ca N@y FLY LIke aIRCRAFy IS THAT THEY aRe NOT AIRCRAFT, THe 
Sp’LLaTSR IS FUNDAMENTALLY ag BOX SITTING BN THE GROUND, 


(TAIT, 1972) 


THESE REMARKS ARE GUOTED Frem A CaMMENTARY AT A SIMULATIEN 
SLACB8MMI TEE WARKSKAP SFENSHRED BY THE AIR TRANSPORT 
aSSOCyaTyON. Many MILLYBNS BF DBLLARS FAVE BeEN SPENT AND aRe 
ReING SFeNT NOW FOR AIRCRAFy SIMULATORS, AN AIRLINE tS Leioit 
aATRCRaFy SIMLLaTAR COST 243 MILLION AND The Feay AIRCRAFT 
stMLLaTsR FOR tke Navy COST 5 MILLION, MaNy MORE MILLIGNS OF 
Callaks KAVe Breed PROGRaMMED TO Be SPENT. DEVELOPMENT 
CehyrRaCrs TOTALING 34 MILLIGN WeRe AWARDED BY THE ATR FORCE IN 
1971 ANC 1972 T8 BUILD The ¢XPERIMENTAL SIMULATARS AND THAT 
WAS CLST A BEGINNING 


hKY 15 S@ MUCH MONEY BENG SPENT FOR SIMULATORS, QUITE 
SPVIALSLY BeCalse TreRe IS a WIC SPREAC BeLIgF THAT SIMULaTARS 
ARE USeFLUL ANC tRaT TREIR USeFULUNESS JUSTIF IES THEIR C8ST,. 
YeT, The VICE PRESIDENT aND DrReCrTO8R BF ENGINEERING GF A 

COMF ANY pRAT MANUFACTURES aND SelLLS SIMULATORS ReFeRRED 76 THe 
Sy*LL ar6BR aS FUNDAMENTALLY 4 BAX SIFTING BN THE GREUND, HE 
Cees 17 HAPPEN Hay The BOX CaN COSy SB MUCH aND THAT SOME 
CLS7BMERS ARe WILLING T6 Pay tHe EXBRBy ANT COST. BEFORE 
GRAPPLI,G wITp ThE ANSWERS TO THESE GUESTIONS, SOmE BACKGROUND 
IS NECESSARY. 


IN The ScCTION GF The ParER SCONE a SIMULATION MBTIBN AND 
TRANSFER OF TRAININGI, CR. HOPKINS DISCUSSES MAJOR KEONCE 1S 
(1974) EXPERIMERT AND CONCLUCES THAT, +CERTAINLY, THERE IS NO 
cevICeNCe THAT SIMULATOR MOTION BF EITHER OF The TWO TYPES USED 
cNRARKCEE TRANSFER BF TRAINING FROM THE SIMULATOR TO THe AIR, 
CRAFT, ON THe CONTRARY, IT MAY vERY WELL BE The CASE THAT WITH 
SIMLLATER MATIAN, FILETS LEARN TO RESPBAC TE ACCELERATION CES 
THAT MAY NOT Be PRESENT IN FLIGHT BECAUSE MUCH AIRCRAFT MBTION 
TNVOLyES ACCELERATIONS TKAT ARE BeLOw CeTECTION THRESHOLD,» 


PUP EPC RECESS OCOCCOCOCCOCSOS SCE ETERS SS TPP PP TC PPP SAP Ae oe 8 


FSPKINS, C,8, SIMULATORS FAR TRAINING AND PROFIT we COST EFa 
FeCrIycheSS, UNIy, OF ILLIN@IS (SAv8Y AVIATION RESEARCH LAB,), 
LRRANASCKAMPAIGN, REPORT ARL276010/AFESRe 7605, AFESR-77=0373TR» 


wLLY 19768 


* ABSTRACT * 
The LSe AF SIMULATORS FOR TRAINING AND PROFIT IS DISCUSSED IN 
TERMS BF The CONCEPT BF COST EFFECTIVENESS. INCREASED DEGREE 
AND FIOeLITY BF SIMULATION ReGUIRE GReaTER EGUIPMENT COMPLEXITY 
AND COST, Data sRe PRESENTED THAT SHOW A HIGH NEGATIVE CORRELAe 
TIAN BetheeN COST AND FIELD RELIABILITY OF AVIONICS EQUIPMENT, 
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THERE [S A PALCITY 6F RESEARCH DATA 8N THE RELATIGNSHIPS BETWEEN 
SIMLLATAR FICELITY AND TRANSFER EFFECTIVENESS. THE RESULTS 6F 
TH FYRST ANC BALY RECENTLY CS8MPLETED EXPERIMENT TE INVESTIGATE 
TEANSFER BF INITIAL FLIGRT TRAINING AS A FUNCTIE6N OF SIMLLATER 
CACKE,T MBTI@N ARE SUMMARIZED. A RATI@NAL BASIS FAR SIMULATBR 
SELECTISN ANC USE DEVELOPED BY vACABS AND ROSCBE IS PRESENTED. 
TKO NEED FAR RESEARCH TO ESTABLISH RELATIGNSHIPS BETWEEN TRANSe 
Fe® 8F TRAINIAG AND PREYSICAL CHARACTERISTICS SLCh aS DEGREE AND 
FITeELITY OF STMLLATISN IS SEEN AS CRITICAL TE THE WIDESPREAD 
FLTLRE USE 8F SIMULATERS FOR TRAINING AND PREFITe 


Sete se fe ee ererrr eee ee TST PTC TRC EP SPP PPC CP PP TPP PPP PPR PRS 2 eS 


RKREAWITTZ, MeWe ANC WELLS» CoF eo "ANALYSIS 8F CB8CKPIT MEBTIANS 
NESCEC FSR GPERATIONAL FLIGHT TRAINERS!', REPERT NB~- 20-05-54, 
ECLCATI@NAL RESEARCH CORP.’ AND UeSe NAVAL TRAINING DEVICES CENe 
TER, FORT wASFINGTONs NEW YORKs 19586 


* ABSTRACT # 
THr FLRFASE SF TRIS STUCY Was TO EVALUATE COCKPIT MOTISBN AS A 
MEANS 6F ENHANCING TRAINING IN BPERATIONAL FLIGHT TRAINERS 
(RFT), TRE ANALYSIS wAS BASED 84; 


(1) & LITERATURE SeaRCh OF ;HRESHALD DySCRIMINATIONS FOR 
vaAFTALS KINDS EF MOTIEN 


(2) SNeGRING ReSeaPCh UTILIZING METIEN PLATFORMS 
(2) GF rNy;8NS 6F PeRSONNeEL WARKING wWyTH MOTION PLATFORMS, AND 


(4) The ALTHOBRYS SLBVECTI VE EVALLATION 6F SFT1S INCARPERATING 
MATICN PLATFORMS, 


BN yke eaSIS OF The AB8ye SURVEY, THE AUTHBRS RECOMMEND THAT 
CACkeyr7 MOTION CAPABILITIES Be INCLUDED IN FLIGHT TRAINERS, 


Terr rere ee eee re Pe Pee CC ee eT PCCP Pe POP ST ECP PET RP PPP PPh SD 


KRFCEFYELCs WeDo TeSeReZe = a COMPARISON OF a~CTUAlL HaNDOLING 
cléLittes *ITh ESTIMATES, NORTH ATLANTIC TREATY SRGANIZATIBN, 
rac VISGSRY GRALP FOR agROSPACe RESEARCH aND DeveELOPMENT, AGARD 
REFART!' 534s MAY 19668 


* ABSTRACT * 
tHE T,S,%e2 WAS FLOWN BvER a SIGNIFICANT PART OF ITS FLIGHT 
ENVeL@Pe BEFGRE ITS CANCELLATION, PILEGT BPINION ON ITS 
kaNCLynG GUalLyTtieS 1S COMPARED WITH SIMULATION EXPERIENCE AND 
PReCrCTION Basel BN VARIOUS CRITERIA, FLIGHT GPINIGN WAS IN 
GpheRalL MORE FAVE eee THAN EXrECTE?. THe REASONS FER THIS 
abe EXPLaINeC ahD DISCUSSED, BEING IN PaRT DUe TS DIFFERENCES 
IN CeRTyATI VES BetheeN FLIGHT ANC ESTIMATES BASED BN WIND 
TUNNEL CATA 
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TRIS FAPER WAS FRESENTED AT THE TWENTY eEIGHTH MEETING 6F THE 
AGARD FLIGHT MECRKANICS FANEL, FELD IN PARIS, FRANCE, ON 
10711 MAYs 19666 


Torte rrr ee eee Pe eer eC ee PPS PSPS PAP ET CPSP ee Cee PTT ESSE TATE SS 


FERCEFTION MEASLREC IN A FLIGHT SIMULATBRe YANe 19768 


* ABSTRACT # 
FUMAN ROTATIONAL AND TRANSLATISNAL THRESHOLDS WERE MEASURED 
LSTING A KYCRALLIC MOTIBN BASE WITH HYDROSTATIC BEARINGS» 
RESLLTS SFOwEC TKAT THE ANGULAR MOTION THRESHBLOS WERE FREQUENCY 
CEPENCENT ANC ALL VALUES WERE A FUNCTION 6F PILOT TASK LOADING, 


PT RE RERCTC CRRA RECO C ESERIES REESE ESE ERE SET SPT ET AP PPA PhS Oe ED 


hKAAARC, TeFe ANC TEMPLETON, We8e 'HUMAN SPATIAL BRIENTATION', 
~6FN wILEY & SOKS3 NEW YORK 19666 


* ABSTRACT #* 
THIS ES6K IS ABALT THOSE ASPECTS BF HUMAN BEHAVISUR WHICh ARE 
CeTERMINEC BY Tre ANGULAR PQASITION BF THE BODY (OR HEAD) IN 
ReLaTI@N TE AKy STABLE EXTERNAL REFERENCE SySTEMe STRICTLY | 
SFEAKING, THIS CEFINITION SF THE BEBKIS SCOPE EXCLUDES 
CUCGMeENTS OF The IACLINATION OF LINES 78 GRAVITYs FOR THERE 
@N\LY EXTERNAL REFERENCE AXES ARE DIRECTLY INVOLVED. HOWEVER, 
THIS 76PIC IS IMPORTANT e° AN UNDERSzaANDING 6F BEDy 
BRIeNtaTION BehayIGUR ANC Is INCLUDED FBR THAT REASEN. OTHER 
rePYcé SLCH Es The CISCRIMINATIEN END RECOGNITION 6F SHAPES, 
a CrSCUSSeC OB\LY IN SO FaR AS THE Rebe VANT BERAVIBUR Is 
AFFeCyeD BY BRICNTATION VARTABLES, Ge8MeTRICAL ILLUSIONS, 
FIGLRAL AFTERSEFFECTS, AND JUDGMENTS SF yISUAL ANGLE, LENGTH, 
FIStasce, ANC M3yEMENT ARE OMITTED. 


CRATERS a TS 6 INTRODUCE THe FSUR MODALITIES MOST CONCERNED 
IN FUMAN SFATIAL BRIENTATION, THe TACTILE MODALITY HAS BEEN 
avItteD, AS ITS ROLE IN BRIENTATION IS BF_MINGR IMPORTANCE 
THESE CRARTERS, wWhILe PRBY [BING AN UPeTGeDATE AND FAIRLY 
CetaTLec REVIEW GF PRESENT-DAY KNOWLEDGE, ARE BY NO MEANS 
CO”YFReRENSI VE. CRAPTERS 7 TO 15 BEAR ON THE CENTRAL TOPIC OF 
THE PSK, TREY ARE INTENDED TS COveER THE LITERATURE 
CeVFRerERSIVELY, EITHER DIRecTLy OR BY REFERENCE TO EXISTING 
ReVIewS, THe FINAL CRAFTER IS A Review OF MATERIAL ON 
SRTENTATION IN ZERBeG CONDITIONS, THIS MATERIAL» WHILE NOT 
CLASSIFIEC AS SECRFT, IS NOT GENERALLY AVAILABLE* WE CANNOT 
CLAIM THAT Tee CHAPTER IS COMPREkENSIVe, FOR MUCH MATERIAL HAS 
NO8T BEEN AVAILABLE. 


Lr re ey Peer PCP eee PCr Pee eee ee CePA SAR ee 
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FLTELESTINe weFe IANTER@SUBYECT CIFFERENCES IN MANUAL FLIGHT 
CONTRAL. RAF INSTITUTE BF AVIATION MECICINE, FARNBSRBUGH, 
FKANTS, JAM SCIENTIFIC MEMGRANDLM 68% BCTe 196€5¢ 


* ABSTRACT * 
4 "TRBLISGRAPRY JS PRESENTED, WITK SUMMARIES, 8F THE LIMITED 
RE SEARCR WARK AVAILABLE WHICH RELATES T8 INTER@SUBJECT 
PIFFERENCES IN FLIGHT COATRAL ACTIVITY. THE FACT THAT 
INC TVIDULALS CO CIFFER IN THE STRATEGIES WITH WHICH THEY USE AN 
ATRCRaFT C8NTRSL JS SEEN AS HAVING POTENTIAL IMPLICATIONS FA@R 
TRERRIES BF SELECTIAN AND TRAINING, PERSONALITY, BPERATBR 
LEACING, MANeMACKIKE INTEGRATISNs AND RUMAN TRANSFER FUNCTIOAN 
AKALYSIS. SBME VERY TENTATIVE HYPOTHESES ARE ERECTED, 
RELATING TA PRESUMED INCIVIDUAL DIFFERENCES IN PERCEPTUAL DATA 
SAMFLING AND CECISION MODELLING SKILLS. IT IS APPARENT TKAT 
MaANLAL TRACKING IS A FUNCTI@N SF A LARGE NUMBER OF FACTORS, 
Save gf wKICK CAN VARY BeTWeeN INDIVIDUALS IN A PB6RLY 
LACeRoTasl WAY, aND ONLY SOME SF WHICH ARE EASILY AMENABLE TO 
EXPERIMENTAL CENTROLe 


Peer ere re rrr rrr TTT TTT TTT LC eT ere eee Tee ee eee ee eee ee eee 


RLUOCLesthN, BAF, 8CACKFIT MOTION REQUIREMENTS FER FLIGHT SIMU, 
LATIBN', TECHNICAL REPeRT «RAF INSTITUTE OF AVIATION MEDIC{NEs 
FAPRKeGrFELGKy FANTSe IAM REPGRY 3632 YANe 19660 


* ABSTRACT * 
FoeM a ReVIEwW OF AVAILABLE LITERATURE, LARGELY AMERICAN IN 
PRIGIN, 1T IS APPARENT TRAT SOME ASPECTS BF BETH THe TRANSFER 
Be ATRCREW TRAINING AND TRE APPLICABILITY SF RESEARCH DATA 
Cas Ee INFLUENCEC BY THe COCKPIT DYNAMICS @F yke SIMULATSR BN 
bRICe Tee “ORK yo DeNe. TO GUOGE SIMPLY BY The VOLUME OF 
PLALyske? wORCs, PyTCK aNO ROLL aCCeleRaTiSNs WOULD GENERALLY 
APErAR TP ef 6F PRIME IMPORrANCE, HEAVE ACCELERATIONS COMING 
4 NeaR tRIRO, Jr IS EMERKASI7¢C, HOWeveR, THAT INSUFFICIENT 
PUNBavchqal ENFERMaTION IS ayalCaBle DeSCRIBING EITHER HOW 
“aS CAPByNES yaRTOUS Hrsg |i INTO A PERCEPTION BF MOTION, 
AP hen BST MOTION PERCEPTIONS INDISTINGUISHABLE FROM THOSE IN 
FLIGky CaN Be FROCUCED BY SyMULayION, THUS Ty IS NOT, AT 
PReSpAr, PSSSTELE T8 DESIGN a MOTIAN PLATFORM FROM FIRST 
FOTNCrPLeS TO FULFIL aA SPeCyFyED CREW TRAINING 6R HUMAN 
FaCyARS FeSeaARCk ReCUIReMeNy, ALTHSUGH SENSIBLE APPROXIMATIONS 
ARE PetNG Male eMPIRICALLY FOR SOME APPLICATIONS. 


CP PPC PCC TET OPC TCC OCC CSCC eS CP PP CPC PAT CSP PCCP PA ee Pe he 2 


RLCCLecTHN, Hee, gdD ROLFeE, yo%, tBEHavI6Ral FaCtaRs JNFLUEN, 
CrN@ yee bSe BF FLIGHT STMULaTBRS FAR TRAINING:, +tAPPLIED ERGO, 


NAMICS's 19715 22 141°1488 
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* ABSTRACT *# 
ABSTRACT ( BF INFORMATION RELATIVE TO MOTION) 
FRPBABLY VESTIBULAR AND KINAES THETIC CUcS FOLLOW IN acs age 2 
aFTe® vISTON aS FaR aS Tee FLYING TaSK JS ig FO SINCe OR 
gevALLATIve Review OF MBTIABN (HUDDLESTON 1966) THERE HAve BEEN 
SOME geic CEFENSIBLe PAFERS PER YEAR, DEPENDING SN BNE'S 
CRrteRya FER yNCLUSy;ON, Few WORKERS NBw NEED CONVINCING THatT 
nFSLE BODY MOTION TS IMPORTANT, BUr THeRe STILL SeevS TS Be A 
TOTAL ABSENCE SF WORK 8A MULTI*AXIS ABSOLUTE ThRESHBLOS SR BN 
CIFFERENTIAL yRReSHOLOS 6F ANY KIND, ANOTHER AREA OF 
ReSeaRCe WRICk NeeDS MORE AtteNTION IS YLST WRAT THe SPERATOR 


CeES NX FLIGHT. 


wTTRALT MOTION, EXPERIENCED PrLATS ARE af TEN ABLE 176 ACHIEVE A 
LeVeL 8F PERFORMANCE WRICK JS eer eCay ACCEPTABLE, BUT AN 
EXAMINATION OF pReETR CONTRSL BeRAayIOR SHOWS THaT THEIR 
BERFARMANCe IS aCFIeveD USING A STRATEGY ENTIRELY DIFFERENT TE 
TREAT UTIL 12ED TN a DYNAMIC ENVIRONMENT, IT IS ALS@ POSSIBLE 18 
ARGLe FRAY CAMPaRatiIve STUDIES BF THe SAME PILOT'S RESPONSE IN 
FLrGky aNC JNA S{MLLATOR WrrH aND WIykeUT MeyyON CUcs (RelFe, 
LAMMCRTONFRASER, POULTER, AND SMITH, 1968) THAT THE PRESENCE 
SF CACKPYT M@yyeN PRECUCES PATTERNS SF CONTREL RESPONSE MORE 
CLOSELY Relate 76 THOSE EMPLOYED IN FLIGHT. THIS LATTER 
FINCING 1§ SLFFERyED BY STHER ReSeARCH (FEODERSEN, 1962) 
TREMALEY, BRAUN, AND FUTTERWEIT, 19643 STAPLES, 1970)6 


MeYeER 1967 _ASKEC PILOTS CBNVERTING TO THE OCeg AIRCRAFT TE 
aSSeSs wHICh peaTLRes 8¢ THe SIMULATOR AgFeCTeD ITS yAlLUe AS A 
TEAINING Cevice aANO Rebate tHe” 7re PARyICULAR aSPeCTS OF TH 
TRAINING PROGRAMME, tHe Facr6R MeSy COMMENTED UPON INCLUDED 
ACCeLeRaTtIGN FORCES, VIERATIAN, ROLL, PITCH AND YAW MOTION, 


HPN EHH ce He Te eH A HHH He ae TE TE TE TE ae HE aE HEE 4G ae HE ae aE Ha ae HS HE Ee a ak EH ae He ee 


KLFF, ©,M, ANC NAGEL, O,C, PSYCKELOGICAL ASPECTS 6F AERENAUTI © 
CaL FLIGHT SIMULATION, AMERICAN PSYCKBLAGIST+, MAR. 1975, 
42694330 


* ABSTRACT # 
A BRAAD REVIEW ARTICLE COVERING MANY ASPECTS OF FLIGHT 
Sr*LLaTIAN INCLUDING Pe ape SCENE ATTACHMENTS AND SIMULATOR 
MBTIEN SySTeMS, Tre DISCUSSION IS AIMED PRIMARILY AT RESEARCH 
SyMULATBRS ANC RAISES A NUMBeR BF QUESTIGNS CANCERNING 
NECESSARY ANC SUFFICIENT SIMULATOR FIDELITY FOR VARIOUS 
aeRANaUTICAL APPLICATIONS, CHARACTERISTICS OF MANY 6F THE MBST 
aBVANCeEC MOTION.PASED RESEARCH SIMULATORS ARE LISTED IN A 


TAPLE. 


IN A SECTIEN BN New TECRNIGUES, THE AUTHOR PROPOSES THAT THE 
LSe SF THe THESRY GF SIGNAL DETECTABILITY AND RELATED MODELS TB 
SPTAIN INCeEXeS BF PERCEPTUAL FICELITY, COMPARING MEASURES 

TAKES IN SIMULATORS AND IN FLIGHT CAN CBNTRIBLTE TE THe 
REVELEPMENT SF SIMULATION AS A SCIENCE, 
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Terre rere rrrrererree ee eee Pe CRP PRR ee RRR PP SPS CAPT 


KLFEMAN, WeEo = FLIGHT TRAINER 
FATENT A\Re 1209449180 
FILED A\8Ve 174 1932 GRANTED JUANe 23, 1934 


RQ AISTRACT 


eff S ee ee ee ee eee eee Cee eT CPCCA Pee APP ee 


KLNTER, GeSe ‘ATA URGES ADVANCES IN FLIGHT SITMLLATERS'c tAVI Ae 
TI6N WEEK AND SPACE TECKNBLAGY'+« MARCH 4s 19686 


* ABSTRACT * 
AQSTRKACT (MATIAN RELEVANT JNFORMATIAN) 


PATE The AIRLINES ANC AIRCRAFT MANUFACTURERS FURTHER AGREE THAT 
FLIGK7 S]MLLATORS SHOLLC Be aBlLe 78 DUPLICATE THE PILOTS 
SeXNcaTIA@NS OR KINESTHESTA OF AT LEAST ThE INITIAL ACCELERATIONS 
ANE CrAaNGES OF AIRCRAFT ATTITUDE. THE RANGE CONSISTS OF 
ARGLLAR aC LINGAR DISPLACEMENTS IN THe SIX DeGReEeS GF FREECOM 
FeSeyBie IN FLIGHKy DYNAMICS, INCLUDING PITCH, ROLL, YAW, 
VERTICAL FEAVE, LONGITUCINAL SURGE AND LATERAL TRANSLATION, 


SLCk CAMPLETE MBVINGeBASE MECHANICAL SIMULATIGN IS NOT Yet 
4yATLAPLE. BLT ThE NEw i gel ae GF 747 SIMULATORS BEING 
CeSrGheC BY CANCLCTRON a~NC INK ARe ALL BEING CESIGNeD WITH SIx 
meGREE SYSTEMS. 


SyMLL ATS LSERS ALS6 Feet THAT THe ADDITIONAL DYNAMIC EFFECTS 
GF STZaBLe at ene DeFLeCrIGNS POSSIBLE IN VERY LARGE AIRCRAFT 
Che 78 S7&lLCrlRal Lexleibiri¢S AND INERTIAL AGS AWAY FROM THe 
‘CeNyeR OF GRavi7TY alS@ SHBULD fe aCCOUNreD FAR IF OP rat JoNal 
Realy” 1S a° Be R sdokegedes to FULLY, tTHrs P@ss;BLY C8 LD E 

gCCRMPL yoke l BY Cy ITAL TNC@RPSRay ON GF SUCH MOTIONS INTO zHe 
SpVUL TOR SY¥SqeM aS ADDITIONAL OeGReEeS SF FREEDOM, 


AL TROLGK 7R_e LateRal ANC Yaw ae pe 6F AN AIRCRAFy CAN 7@ S8Me 
CeGRee Be USEC INTERCHANGEABLY FOR SIMULATION PURPOSES, 
WANLFaACTURERS CansiOeR the COMPLETE SIX-DEGREES=Of af RERDGM 
S¥StemS aCTUALLY THe EASTER 7B PRODUCE aS A DESIGN CONCEPT, 
MARES yeR, THe LATERAL SR SIDE ACCELERATIONS PROVIDE THE 

Pri.@y wrTe A USEFUL ADDITIONAL SEATSOF-THESPANTS WARNING FEEL 
PF LAss SF aN ENGINE THaT CaN Be CRUCTAL ON TAKESFFS, 


Tere ree Pee ee ee eer ee ee ee ee eT eee CPT PPP eC eee Re eh he ke 


bLNTER, Ses GLACRY, Aed, AND ROLFE, ve%, HUMAN racrers eelek 
th FlrGkt SIMULATION: AN ANNOTATED BIBLIGGRAPFY. AGARD REPORT 
RG, AOVISORY GRALP FR AEROSPACE RESEARCH AND DEVELOPMENT, 


NATAs CLAE 19776 
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* ABSTRACT # 
TEIS BIBLISGRAFKY CONTAINS 504 REFERENCES, WITH SUMMARIES, 78 
REPARTS CENCERNED WITH FUMAN FACT@RS TePICS In, FLIGHT SIMULA} 
TISN, REPORTS CeaLiNG SOLELY WITH THE ENGINEERING asPeCTS OF 
FLIGRY gi ULAT ION HAVE BeEFN exCLUDED, UNLESS TrEY CONTAIN ITEMS 
SF bLUMAN FaCT@RS INTEREST, THE BIBLIGGRAPHY, COyeERING ™§ YEARS 
1s4c TS 4976, 1S MAINLY COMPRISED 6F ENGLISH-LANGLAGE REPORTS 
aAN® CAN7AINS NO REFERENCE 7A CLASSIFIED MaTeRIal, 
THIS R=PART KAS PREPAREC AT THE ReQueSt SF The AERBSPACE MEDI. 
Cal Panel SF AGARC. 


CRS TSS TEPC SCC CCE SCS See Tee Pee PP eS PT TPP SP PPP ee 8 


FLTTERs weTe @ PILOT TRAINER 
FATEAT NSe 224094938 
FILED VLLY 24, 1942 GRANTED 6CTe 22,5 1946 


K8 ARSTRACT 
Ege EE ETE EE EHH HEHEHE HEHEHE HHH HHH HHH HH 


FLTTAN, DeFes RLRKE, Dey ENGLEHART, UeDes WILSONs UeMes 

pte rade Feces, ANC SCHNEIDER, Asde AlIReTOeGROUND yISUAL SIMUL 
LATIA@N CeMSNSTRATION, FINAL REPORT, VOL, 4, PROJECT 2235, AEROq 
NalTICAL SYSTEMS CIvISISN, SIMULATE&R SPB, WRIGHT PATTERSEN AFB, 
Ske OCTe 19766 


* ABSTRACT * 
TEIS PRO ECT WAS Th RESULT 6F INCREASED aN TERE St 68N THE FEAST « 
BILITY 8F vISLALLY ErmULATING ENVIRSNMENTS FOR THE FIGHTER/AT. 
TACK MISSION, FAUR SIMULATERS WERE EVALUATED: (4) ADVANCED SIMUe 
LAT8R FOR FILET TRAINING (ASPT)s (2) LARGE AMPLITUDE MUL TI #MODE 
AEROSPACE RESEARCH SIMULATOR (LAMARS), (3) SIMULATOR FOR AIRATOs 
ATR C8MBAT (SAAC/FagE NO, 48) AND (4) obvice 2B35 (vISUAL SyS. 


TEM). 


IN ACOITION TO The EVALLATION SF yISUAL SYSTEMS, EACH PILOT WAS 
GIVEN AN EGUAL AMBUNT OF TASK PERFARMANCE WITH AND WITHELT 
MATIANe 


EHH EERE HEHEHE HEE HHH HHH HHH HEHE 


KYTE, ALS, MANSRATED CENTRIFUGES; A NATIONAL SURVEY WITH DE. 
STGN CONSICERATIONS AND RECAMMENDATIGENS FAR FUTURE CEVICES. 
AcpTASPACe MEDICAL FeSeEARCK LABSRATORIES, WRIGHT*PATTERSON AIR 
FE°CE BASE, 8FI8, AMRL MEMBRANOLM BeaS5, SEPTEMBER 1963 27 PP, 
AC 419 38C® 


* ABSTRACT * 
Ty FAS BeeN Tee TkeSIS OF THIS MEMBRANDUMSREPBRT THAT THe Need 
FOR MAN RATED CeNTRIFUGES WILL CONTINUE TA INCREASE, THAT MBRE 
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PeVices AF THIS TYPE WILL Be PROPESED AND BUILT WITHIN THE 

NEXT CECACEs ANC THAT PERFORMANCE (AND COST) BF THESE DEVICES 
KTLL ALS CONTINUE TE INCREASE*® CATEGERIES 8F USE 8F MANeRATED 
CENTRIFLGES KAVE BEEN PRESENTED AND COMPARED TG SUR NATIBNAL 
CAPABILITIES: BLR CAPABILITIES WERE FOEUND TE BE LESS THAN BUR 
NEFCS, IN SRCER TO TRANSMIT EXPERIENCE GAINED BY THE AUTHOR IN 
ESTABLISFING SPECIFICATIONS FOR MAN@RATED CENTRIFUGES, 
TNEAEMATTON WAS OFFERED RELATING TS MAYBR TRADE*BFFS THAT 
INFLLENCE FINAL DESIGN CONFIGURATIANs CAST AND USEFULLNESS 6F 
TR=SFE CEVICES. 


eee fee Sere ST ere eT eee ee ee Pee ee eC ee Pee Tee SP eee ee eee eee es 


ERCEs Fe wWILLIGES, ReCe AND ROSC6GE, SeNe 

STRCRAFY SIMLLATAR MATIGN AND TRE SROEF BF MERIT BF FLIGHT 
ATTYTLCe AND STEERING GLIDANCE CISPLAYS, IN !PROCEEDINGS RUMAN 
FaCTARS S6CIETY 17TR ANNUAL MEETING!» WASHINGTSNs DeCeo BCTSBER 
TE71R 15734P eZ56-cb4e 


* ABSTRACT * 
INVESTIGATION 8F The EFFECTS BF VARIATIONS IN FLIGHT SIMULATOR 
MarrTean CYNAMICS LPBR THe BRODER OF MERIT BF aA FAMILY gF FLIGHT 
CISFLAYS,. ThE RESULTS INCICATE THAT THE BUTCeME BF HUMAN 
ENGINEERING EXPERIMENTS IN SIMULATORS CaN DEPEND UPEN THe 
MeTTAN SYSTEM EMPLOYED. IN THE EXPERIMENTS PeERFGRMED, BNLY Twa 
MeGRees 9F MOTISN FREEDOM WeRE AVAILABLE FOR EXPERIMENTAL 
MANTPULATISN, NevyERTHELESS, RESLLTS SRTAINED FOR vaRIOUS 
FLIGRy TASKS weRe SUFFICIENTLY CLEAR TO ALLOW THE CBNCLUSTON 
TRAT M97TTGN SYSTEMS THAT INTROOLCE GRAVITATIGNAL CUgs NOT 
FReSent JN FLIGHT CAN Be AS DAMAGING TB THe VALIDITY 6F AN 
exPeRIMENT AS The ABSENCE OF ACCELERATION CUES. 


oR rer ree rere rere PEPER PERS EST ASE PSP RSPAS STAC APPS ARTS SS 


INCe, F. WILLIGES, ReCe AND ROSCHE, S.A, 

aTReb Fs SIMULay@R MATION AND Tee GROER OF MeR 7 OF FLIGKy 
aTTITLCe gro st grate GLICANCe CISPLAYS, UNIyveRSI TY OF ILLINOIS 
avlarron ESEA E LaB, PReSeNTED ay THe t47Th ANNUAL MEETING OF 
THE eUMaN FaCrORs sACyEyY's WASHINGTON, DeCe 16°18 OCTOBER 19736 
(ALSA seLMAN FACTORSts 49759172388"400) 


* ABSTRACT * 
TWENTYLFOLR NONPILOT, VELUNteER SUBYECTS WERE TESTED BN THREE 
FLTCHy TASKS weibe FLYING FOUR BasSIC AIRCRAFT aTTITUDE 
FEFEENTATIONS (MAVIAG HBRIZAN, “BVING ayRCRaFT, FREQUENCY e 
SeParatel ANC kyJNAlLOG) IN A LIGhT WINSENGINE AIRCRAFT 
eyp¥lLarAR PROyICING Thee Levets oF Meyy6N Cles (NS MOTION, 
SpANC ARC Cates MOTION ANU WashSly MBTIABN), 
THE FLIGHT TASKS IKVOLVED COKFLICTING vISUAL AXD VESTIBULAR 
Clee atC INCLUDE by te ATTITUDE TRACKING, COMMAND FLIGHT 
Fate tRaCKING 1K BOR PLRSUrT ANC CEMPEASATORY MODES, AND A 
Se®tes SF ReCOveRY TRIALS FROM CISCRETE UNKNBWA ATTITUDES, T8 
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FRAvICeE A BASIS FOR COMFARISON, THE PReseNt SyMULaTOR STUDY 
CL9geLY PEPE Carel the FROCEDURES Us_eD YN THE RasCée & Will yG_es 
(1973) FLIGHT EXPERIMENT. KE FREQUENCY#SEPARATED DISPLAY 
FRAVICED PERFORMANCES Aq LeaSt EGUIVALeNT AND IN SOME CaSeS 
SLFeERTER 78 TRASe BETAINGEO with THe Sis gh bit MOVING KOR TZN 
S1SFLay, elTbeh yYPe 8F SIMULATOR MBTYI6 RESULTED IN BeTTER 
RTS yLREEC ATTITLDE TRACKING PERFORMANCE THAN NO MBTIBN, AN 
wWaSkSL7 METISN FRBV1D¢D STERCOTYPED C6N7ROL ReSPONSeS IN 
SeCaverY FROM UNKNOWN ATTITUDES MBSy7 CLOSELY FeRR SPENDING 78 
TEASE GRPAINEC JN FLIGHT, yr WAS CONCLUDED THAT CARE MUST Be 
USEC p\ GeNeRaLIZING SIMULATOR RESULTS 78 FLIGHT PERFORMANCE 
wheN AS PFYSICAL MOTION Clcs BR INAPPROPRIATE BNES ake PRESENT 
IN tke Sr¥ULATER. 


TERE RTVCSCTCOOLAOSC ECC ECOSOC ASSES TESS ETS PS SST CP EPPA PPP Pe ee 


INCEs Fe WILLIGES, ReCe AND ROSCHEs Sel. 

AIRCRAFT SIMLLATAR MOBTIBN AND TRE SRDER OF MERIT BOF FLIGHT 
ATTITLCE AND STEERING GLICANCE DISPLAYS, ‘HUMAN FaCT6RSi, 
VALe 172 Fe 388=40U AUGLST 19756 


* ABSTRACT *# 
NONPILET SLBVECTS weRE TESTED IN VARIOLS SIMULATED FLIGHT TaSKS 
TN BROcR 78 FReyile INFBRMATION CANCERAING Both The FREQUENCY. 
SePaRateD DISFLaY FRINCIPLE aNO THe EFFECTS BF STMULaTED MBTIEN 
CUES, THE FREGUENCYSSEFARATED DISPLAY TESTED LeC TA REDLCTIONS 
IN CISTURBED aTTITUDE TRACKING ERRORS, IN The INCIDENCE OF 
CatyRal ReveRsals, aND IN ReCOveRY yIMes 78 bevel FLIGHT FReM 
LNKNSHN atTTItlOes, yw MECeS BF SyMULATER MOTTO (STEADY BANK 
aASGLe ANC CONSTANT ROLL) W Re reste® AND BOTH Sheeea oa. 
CrSyURE eC ATTITLO TRACKING PeRFORMANCe, BUT INAPPROPRIATE 
CRAYITATIONAL FeRtes CReAtTeD BY SUSTAINED BANKING MOTION 
INTERFEREC WItr COMMAND FLIGHT PATH TRACKING, WASHBUT METIBN 
(CSNSyANP ROLL) GAve he ete MOST CLOSELY APPROxIMATING FLIGHT 
CATA, THE PRESENT STUDY WAS BASED IN FBRMAT BN THE PREyI6US 
TAVESTIGATISON BY REBSCHE AND WILLIGES (1975)56 IT IS CONCLUDED 
THAT CALTION MUST Be EXERCISED IN GENERALIZING EXPERIMENTAL 
FrNErNGS IN SIMLLATARS WITH NO COCKPIT MOTION, BR wITH 
INAPPRBERIATE ACCELERATION CUgS, TS FLIGHT PERFSRMANCE 
FRECICTIA@Ne 


TPE PEPePEPTEREESCECCCOCOCOCC SS Cee eee eS eT RST CRRA Ae ee 


IRISh. F,Ac, III, & BROWN, Jeee SUBJECTIVE MOTIEBN DISCRIMINAe 
TIAN EN TRE SIMULATOR FAR A[RaTBeAIR CBMBATe AFHRL-TR=78"36. 
wTLLTAMS AFB, az: FLYING TRAINING CIVISIEON, AIR FORCE HUMAN 
RESELRCES LAPBRATBRY, ALGUST 1978, 


* ABSTRACT * 
Tee Ge LPCTIVeES PF TRIS STLDY WeRe TBS (A) ACQUIRE SUBUECTIVE INe 
FeeMarION BN phe ABILITY BF PILOTS TO PERCEPTUALLY DIFFERENTIATE 
BeTheeN SeleCte£ CONDITIONS BF METIGN CUEING IN THe SIMULATOR 
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FAR ATReTA<-AIR CAMBAT (SAAC) AND (8) PREPARE TRE INITIAL FRAME} 
wARkK FARR FALL@WeSN STUDIES DESIGNED TA DETERMINE THE CONTRIBU.s 
TITANS fF MATION CLEING TO PERFSRMANCE AND TE TRAINING IN THE 


SANC. 


Ik RESFANSE TB A STATED RESEARCK REQUIREMENT WITHIN THE FOLLOW 
Sy. RPPCRATIANAL TEST AND EVALUATION PLAN @F THE SIMULATER FOR 

ATP eTHeATR COMBAT, A RESEARCH PROGRAM KAS DEVELEPED IN SEPTEMBER 
1975 T9 JNVESTIGATE TRE EFFECTIVENFSS SF THE PLATFORM METIBN, Ge 
SEAT, AND GeSLIT SYSTEMS PRESENT 8N THE SAACese THE FIRST STAGE IN 
THIS RESFARCK PLAN WAS TS EXPERIMENTALLY EXAMINE FILOTS!' ABILI- 
TIES T2 SLBVECTIVELY DISCRIMINATE VARI@US MOTIGN=CUEING CONDI - 
TIONS wrPILE FLYING MANELVERS IN THE SAACe THIS INVESTIGATION WAS 
ra Ge CaxClCreC PRIeR Te THE DEVELSPMenT AND IMPLEMENTATION eF 
ALTEMATED FERFORMAKCE MEASUREMENT SCORING ROUTINES IN THE 


SIMLLATSRe 


Ter SESLLTS 8F THIS STUCY STRONGLY SUGGEST THAT ALTERNATIVE 
MeTRADS TS THe SLEVECTIVE PILOT RATING TECHNIQLE EE EMPLOYED 
wWREN ATTEMPTING 716 ESTABLISH PERCEPTUAL OJFFERENCES CONCERNING 
MATIANeCLEING CevICeS IN The VISUALLY eqGUIppED FLIGHT SIMULATOR, 
pee JNaBYLITY GF BETH GReLPS BF FyLeTS ré DetTeCT CHANGES IN THe 
Gratis BF THe G.SEAT ANC PLaTFORM MATIGN SYSTEM MAY HAVE BegeN 
Clr Te a NUMBER BF PEASBNS. THE RatING SCALES MAY HAVE BEEN AN 
INSENSITIVE MEASLREMENT TOAL, THE PILOTS MAY FAVE BECOME INSENe 
SyTIve TA THE CRANGES, BECAUSE SF EXCESSIVE TASK DIFFICULTY, 
yISLAL CISPLAY COMINANCE, GR ACTUAL INE FFECTIve MOTION CUEING, 
Cle 18 The P8BR RELIABILITY BF Tke DATA, NO CLEAR ANSWER IS 


AVATLAFLE « 


Tree rr fe ere rr rrr er lle tee a te eee Pee ee hee ee ee 


TRISH, FAs, III, AND BUCKLAND, GH, i eFFECTS OF PLATFORM MA. 
TIPN, VISLAL AND GeSEAT FACTERS UPBN EXPERIENCED PILOT PERFORM, 
atCc [s tee FLIGHT SIMULATER1, AFHRLeTRa7Re9, WILLIAMS AFB, AZ? 
FLYrNG RAINING OyvestOn, ark FORCE HUMAN ReselRCes LaBbRaTeRY, 


wiNE 1978 


* ABSTRACT * 

the 4B cCTIves 6F TRIS STUDY WERE: (A) TE EMPIRICALLY ASSESS THE 
FeREaRManCe OF EXPERIENCED Teo37 PILETS IN THE ADVANCED SIMULATOR 
FR CrLAy TRATNING (ASPT) UNDER VARYING PLATFORM MOTIBN, GeSEAT, 
FreLCe@FevIEw (FAV) AND CEILING/VISIBILITY COACITIGNSs (8B) 76 
FLRTeEr fXPLORE TRE PROMINENT “AIN AND INTERACTIVE EFFECTS WHICH 
nee ReeSRhtel Ih aN EAPLIER STLCY OF TeeSE VARIABLES (AFHRLATRe 
77-13); (C) TS EXTEND ThE INVESTIGATION 6F THeSE VARIABLES INTEB 
Wahelye Rs REPRESENTATIVE BF a MORE DYNAMIC FLIGHT REGIME; AND 
eh) re aCGli&_e a~CCrrieNal INFeRMaTIEN gg ly The RELATIE6N~ 
SKIFS EetwWeeN SYSTEM BUTPLT MEASURES AND PILOT INPUT MEASURES 
aS MpactRe> BY tke alTOMaTteD MEASUREMENT CAPABILITY OF The ASPT. 
CAFCLUSyAns 

te EXPERT PILOTS TEND TE PERFORM BeTTER WITH WIDER VISUAL 
FreLCs.6Fevigh ANC WKITHOLT PLATFORM MOTION FOR ThE MANEUVERS 
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INVESTIGATED IN TRIS STLUCYe 

2. TRE PRESENCE OR ABSENCE OF THE GeSEAT VARIABLE DID NOT 
AFPeaR Te EFFECT ANY CHANGES IN PIL@T PERFORMANCES 

3e ALTHSLGH ThE SIMLLATSR CONF TGURaTION VaR I ABLES SUCK 4s 
MaTrAn aX FrelcweF ovigh CaUSe CHaNGeS JN PILOT PeR BRMANCE 
These EFFECTS Ake G@eteN waANrreSteD aS ChANGES IN CONTROL BEMAy- 
TAR RatheR TRAN CKANGES IN veHICLe PERFORMANCE, ALSS THe INTER. 
ACTION EFFECTS BETWEEN SLCH CONFIGURATION VARIABLES ARE RELA 
TIVELY FNSIGNIFTCaNy IN COMPARISON 76 ThEIR MAIN EFFECTS, 


TSE EPEC RCS ELEC ePE LEC eS ESS ee SP CRTC Pe CPP PS ee PP Se ee 2 


IRISk, FeAe IIIs GRUNZKEs PyMee GRAYs TeHes AND WATERS» Bek, 

TRE EFFECTS 8F SY¥sTev ANC ENVIRONMENTAL FaCTers UPen EXPERIENCED 
FrlLaT PeRFARMANCE IN THE ADVANCED SJMULATOBR FaR PILET TRAINING, 
FLYING TRAINING DIVISION, ‘AIR FORCE HUMAN RESBURCES LABERATERY 
REPORT! AFRRLeTR=77—0132 WILLIAYS AIR FARCE BASE, ARIZONA, 

APRIL 19776 


* ABSTRACT * 
TRE ABYECTIVES 8F THE STUCY WERE: 


(A) 70 ASSESS TRe RELATIVE CONTRIBUTISN OF PLATFERM MOTION, 
GaScat aNC VISUAL FaCTORS Te PILOT PERFORMANCE IN THE ADVANCED 


SIMLLATAR FER PILOT TRAINING (ASPT); 


(BP) 78 aACGUIRFE INFORMATION BN THe RELATIONSHIPS BETWEEN SYSTEM 
SLTPUT ANC PILOT INPUT MEASURES AS COLLECTED IN THE ASPT; AND 


gb) T8 YALGATE The UTILITY OF ECENOMICAL MULTIFACTBR DESIGNS 
BR FLYING TRAINING OIVISION, AIR FARCE HUMAN RESOURCES 
LABORATORY (AFKRL/FT) A Sate IN FLIGHT SIMULATIBN, THREE 
EXPERIENCED Tog7 PILOTS Flew Flve MANEUVERS IN THE ASPT UNDER 
COMBINATIGNS 6F The INDEPENDENT VARIABLESs PLATFERM MOTIEN, 
GoSEAT, FIELC OF yIeh, TURBULENCE, WIND AND CeEILINGsyISIBILITY, 
ALTOMATED PERFORMANCE MEASURES BASED BN SYSTEM PARAMETERS, 
FrLAT INPLTS AKC CERIVEC SCORES WERE COLLECTED AND ANALYZED, 
P8TR MAIN ANC INTERACTIVE EFFECTS OF THe INDEPENCENT VARIABLES 
we Re FAUNC FER a MAQBRITY OF THE MANEUVERS» a OISCUSSIBN GF 
TRE Urry TY OF tee eCANeMyCal MULy;FaCyeR DesyGNS IS INCLUDED, 
aCCITIONALLY, IMPLICATIBNS FOR DETERMINING THe DIRECTION OF 
FLUTLRe STLOIES ARE DISCLSSED, 


Sree rrr re Seer PeC CCC CREE SESE CPR PREC PPP TPP AA PP Ph oe 8 ee oe 


wACBES, RS, SIMULATOR CACKPIT MOTION AND THE TRANSFER OF 
INT7IAL FLIGKT TRAINING, UNIve 8F ILLINOIS (SAVOY AVIATIBN 
RESEARCk LABe); URBANA®CHAMPAIGNs REPORT ARL#76"8/AF BSR#77"09880 


TRs wUn& 19766 


* ABSTRACT * 
TRANSFER BF FLIGHT YRAINING FROM A SINGER*LINK GATe2 TRAINING 





AD=A061 687 NAVAL TRAINING EQUIPMENT CENTER ORLANDO FLA F/6 5/9 
MOTION IN FLIGHT SIMULATION! AN ANNOTATED BIBLIOGRAPHY, (U) 
JUL 78 J A PUIGs WT HARRIS » 6 L RICARD 
NAVTRAEQUIPC-IH-296 
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SIMLLATAR, MACIFIEC TA APPREXIMATE A CBUNTERPART PIPER CHEROKEE 
ARRAw ATRFLANE, WAS MEASURED FAR [INDEPENDENT GROUPS OF NINE 
FLIGHTeNAIVE SUBQYECTSs EACH TRAINED IN BNE OF THREE SIMULATAR 
CAaCKFLY MBTISN CANKDITIONS? NBRMAL WASRAUT MOTION IN BANK WITH 
SLETATNED PITCH ANGLESs wASH@UT BANKING MOTIEBN IN WHICH THE Dle 
ReECTIAN AF MBTIGN RELATIVE TO THAT OF THE SIMULATED AIRPLANE WaS 
RANCAMLY REVERSED 50% SF THe TIME AS TkE CAB PASSED THRBUGH A 
wWINGSeLEVEL ATTITULEs AND A FIXED@BASE CBNDITIEONe SUBVECTS REeo 
RECEIVED A PRECETERMINEC FIXED AMBUNT 6F PRACTICE IN THE SIMULA 
TAR en caCk OF 11 FLIGHT MANEUVERS DRawN FROM ThE PRIVATE 

FILAT FLIGRT CURRICULLM.s TRANSFER PERFORMANCE MEASURES» 
IACLLCIAG FLIGHT TIME AND TRIALS TA FAA PERFORMANCE CRITERIA AND 
TATAL ERRORS MACE IN THE PRAECESS SHBWEC RELIABLE TRANSFER FOR 
aLL GRALFS WITH CIFFERENTIAL TRANSFER EFFECTS AND COSTeEFFECTe 
IVENESS JTMPLICATIGNS DEFENDING UPAN THe TYPE BF SIMULATER 
MATIAN. AN APTITLCE ESTIMATBR MEASURE aND THe ANALYSIS 6F CBe 
VASTAXKCE TECKNIGLE PROVIDED INCREASED DYISCRIMINATIEN AMONG 
GROLPS [N\ THE FRESENCE 6F CeNSICERABLE INDIVIDUAL VARIATION JIN 
FeREARMANCE WITFIN TREATMENT CONDITIONS, 


Creer rrr fee rere ee Per ere Cer e ree ST eee TCSP EPP STEP TT ee SS 


CACAPRS, ReSe AND RESCBHE, SeNe 

sr¥ULateR CeCKFIT Mot ON AND The TRANGT EE aF Edt pal FLIGHT 
INGS gTH ANTEC INCUSTRY CONFERENCE', 1ge20 

N@Ve 19752FPPe 113"1220 

(ALES ARL#75018/AF6SR#75=8s 1975) 


* ABSTRACT * 
TRANSECR BF FLIGHT TRAINING FROM a SINGER@LINK GAT*2 TRAINING 
SIMULATOR, MOCIFIED TB APPREXIMATe A CSUNTERPART PIPER CheROKEE 
ARRB® ATRPLANE, WAS MEASURED FOR INDEPENDENT GROUPS OF NINE 
FLIGHTeNAIVE SLBYECYyS, gach TRAINED IN ONE SF THREE SIMULATOR 
ceCkFyy MOTION COKO1 +1085: NeRMaL sb lah M6yIO@N [TN BaNK WITH 
SUStarkeD FITCH abGLgS wASH6UT BANKING MOTION IN wHICH TOE 
Sy%eCrr6N OF MOyr6N eCatiy 78 thay OF THe SyMULATED AIRPLAN 
saS RaNCarLy ReveRs_O 50% aF The TIME aS T E CaB PaSscO THREU H 
4 WINGS LEVEL ATTITUDEs AND A FIXER «BASE C&ONpI TION, SuBVECTS 
ReCetyel A eDeTERMINED FixeD AMOUNT OF PRaCyICe IN SIMULAT6R 
ak cate 9F le 18H; MANeUV Rs CRaWN FROM THe PRIvate PILOT 
FLIGhy CURRTELLUM, TRANSF k adalah hi neaBURes, INCLUDING 
FLIGky ziMe AND TRI~lLS 76 Faa CS mae ae CRipeRIA AND TOyAL 
cRReRe Male IN Tee PROCESS SHOWED Rely able TRaNSFeR FOR all 
CRALPS wWrTF DIFFER NqIA TRANSFER cFFeCrS AND COSTocFFeECTIVE. 
Ness y¥PLICaTyONS Ee ENDyNG UPON THe TYPE BF sMULaTeR MOTIEN, 


rrr rrrrrrrrrrrrrrrrr rr coor eC eee eee TTP PTE ERS RA 8 
waCArc, ReBeg WILL 1G Sp RoC, aND ROSCOE, SeNe SIMULATOR M@n 
ACy6 


TIPR AS A IN FEI ght O1ReCTeR DISpLAy EyALUATION!, +HUMAN 
FACTARS1s 19734 15% 569"5826 


572 








woe’ 





ee 


™ 


NAVTRAEGUIPCEN IHe298 


* ABSTRACT « 
THE RESLLTS 8F RESEARCH C8NDUCTED IN GROUNDeBASED FLIGHT 
SIMLLATARS MUST BE INTERPRETED WITH CARE IN VIEW BF THE 
FATENTIAL EFFECTS @F DIFFERENCES BETWEEN THE SIMULATED AND 
ACTLAL FLIGHT ENVIRONMENTSe A STUDY COMPARING VARI6US FLIGHT. 
CISeECTOR CISPLAYS IN A MOVINGeBASE SIMULATOR WAS REPLICATED 
wWITRALT MOTION, SIGNIFICANTLY DIFFERENT RESULTS SCCURRED AS A 
FUNCTION OF The PRESENCE 6R ABSENCE 6F MOTION IMPLICATIONS 6F 
trefe Fesbhkrs Rayse Davart CENCE NING tke valrOrrTY GF FINOINGS 
FRSY gyPULATAR exPeRIMeNTS JN WHICH WHeee.BEDY ACCeLERATION CUcs 
“IGT Be A FACTOR. 


TWwEPEVECPTERIT SESE SCLECE OSS CET CCRT TET TST ETP PTT TP eS 


CACBPSON, Tele AND YBSHIy DeSe 

MECELING ATMOSPRERIC TURBULENCE FOR A MOTION@BASED SIMULATOR, 
SCF@BL OF ENGyNeERING ANC aPPlLI_eD SCIENCE, UN VERSITY OF VIRGIN™ 
TA» CRARLOTTESVILLE, VIRGINIA FOR NASA. STATUS REPORT NASA 
GRANT N@e KGR 47*CC5/028s BCTABER 1975 


* ABSTRACT # 
THe BaCKGREUNC JNFBRMATION JIN ESTABLISHING SeveRAl eReresee 
AT ASPHERIC TURBULENCE MeCeLs FOR Use BN MOTION BASED AIRCRAFT 
Sy“LLaTERS Was CECUMENTEO, a SPECIFIC MODEL WaS PROPOSED WHICH 
tS aCCy7y6% 16 Monae TURBULENCE INTENSITY (RMS VELOCITY), 
VARIES re ATMOSPRERIC ini ital sabe LeNGTH T8 ACHI eve 
CAMFasterli7Y wryrk Real ayMasPReERTC TUREUL ie WITH A 
SLIpaple COMarNatrON BF SCate LENGTH adc I TE SITy DISTRIBUTION 
the MBDeL WILL SIMULATE vaR{6US ATMO@SPRKERIC CeNDI7yONS 
ChARACTERIZED ay abyITUCE, STABILITY AND TERRAIN, Me MODEL IS 
Megas ize® T8 Be INCLUDED IN a FLIGHT SIMULATOR EXPER MeNT IN 
SFCeR 78 CeTERMIN 78 WE ay XTENT 1 PILOTS ARE _ Sitive 18 
CHANGES IN ATPOSFRERIC CONDITIONS AND THe REALISM GF THE MBDEL, 
TRE FOLLAWING TePICS WERE CeyeERED . LITERATURE SURvEY, 
PReSeAtLy USEC TECHNIQUES, PROPOSED MODEL AND SIMULATION 


CETAILS. 


ETO PTETOCCIECTOCPVOTEET OCS COCO SEC CTT TER TTT TTC TR RS RRR DD 


vACBBSAN, Teles SCROULTZ, MeBe AND BLAKE? weCe EFFECTS OF MO~ 
TIAN FREGUENCY SFECTRUM BN SUBWECTIVE COMFORT RESPONSE. 
NASA CR9438883% 19738 


* ABSTRACT # 
FAS tee MODELLING OF PASSENGER REACTION TA PRESENT AND FUTURE 
AIRCRAFT ENVIROAMENTS, SUBUEETIVE INFORMATION MAY Be GATHERED 
®\ COMMERCIAL FLIGHTS, IN ADDITION, DETAILED ANALYSIS OF PAR. 
TICLLAR ASFECTS OF REACTIONS TE THe ENVIRONMENT ARE BEST STUDIED 
IN A CONTROLLABLE EXPERIMENTAL SITUATION. FOR THIS, THE USE OF 
INeFLIGRT7 ANC GRAUND BASEC SIMULATBRS IS SUGGESTED, IT IS SHOWN 
TAT TheRe IS a WeaSONABLy HIGH PROBABILITY THAT THERE IS NO 
Neee Fak Eon FRecleNCY SIMULATION, IeE, THE FIDELITY OF ANY 
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SIMLLATIAN WEICRk BMITS THE VERY LO FREQUENCY CONTENT WILL NOT 
YIFLC RESULTS WEICH DIFFER SIGNIFICANTLY FROM THE REAL ENVIR6Ne 
MENT AS AGAINST THESE BETAINED 8N COMMERCIAL FLIGHTS» 


PoC CeCe PEPE CE STEPS EC ESE RT EP ESAS EC ESSE EPEC ETE TEESE PERSE ST eo 


CBEANSSANs GLUANAR, 'STLOIES ON MATION AFTER@EFFECTS II's REPORT 
4{3e TkE PSYCHALAGICAL LABARATORY, THE UNIVERSITY 68F STECKHELM, 
FEPRPRLARY 1955~¢ 'PSYCHB8Le BEIT*'s» 1960, Ss 810920 


* ABSTRACT « 
THE CURATIGN 6F MOTION AFTEREFFECT AFTER SINGLE@STIMULATION 
(MASE) KAS INVESTIGATED AS A FUNCTIGN GF STIMULUS TIME AND 8F 
EXTENSIAN OF FRAXIMAL STIMULUS MOTIBN. 6 S'S TOBK PART IN THE 
INVESTIGATIONe THE MAIN RESULTS WERE (A) MAE CURATION VARIES 
wWITk CHANGES IN TIMeeSPaCE. (8) ACCORDING TE THE ResULTS 
RETAINED FROM 5 SIS THE EQUATION ReC LOG S IS VALID FOR THIS 
ReLATISNSrIF. (C) IT SEEMS PROBABLE THAT THE LENGTH OF 
FRAxIMAL MOTION TRACK AND Ney THe CURATION BF MATIBN 
SIMLLATIAN IS Tee MAIN ACTIyeE STIMULUS FACTER, ~ 


Pore rer re eer Pre ETrerC CCP eS PTCA STC Tee CST TPT TPC PSSST PP ETT TS | 


CAEASBN, Fel, SIMULATION AND TRAINING FACILITIES. taSTRONAU, 
Tics aN& AEROSPACE ENGINEERING!) FEBe 19636 


* ABSTRACT_*# 
THIS FaFeR DISCUSSES THe WAciedi ies FOR Banned SPACEFLIGHT 
ER9_-Crs SUCK AS GEMINI AND APOLLO, OF PARTICLLAR INTEREST TO 
MeTISN syhULazION IS tHe FOLLOWING gxCenrrs 1ONLY BNE FaCTeR 
ALL@wING APPRecIABle cess Habe ee CAN AFFECT THeSe FLIGHT 
TRAINERS, The pCyUal PrySiCal 7RaNslazyONal ahD R6sa~TIENal 
Marz@Ns BF tke SPaCeCRaFy WILL N67 Be SIMULATED, EVEN AS 
mwaSkeD ALT Mir TON tke JUSTIFICATION FOR TRIS OmMISSIEN Js 
Eagel EN oe eRe oF ALL a asTReNalts Whe Have FLeWN THE 
VERCLRY erate RaFr, APPaRENrLY, ROTATIONAL MByIONS IN SPaCe 
MARE NeaRLY SeMBl_e A ET lag 9 a aes THAN « ROTATING Pte! fp 
1h A 4.6 eNv Rekw ens INSOFAR AS BEDY SENSATIONS ARE CONCERNED, 
AT AMY Rate, the aSTRONaU TS RePORy THAT DISPLAY MOTIONS aALEGNeE 
IN FrxeC BaSe SIMULATORS CONSTITUTE A SURPRISINGLY Geed 
APPREXTMaTION OF COMBINED INSTRUMENT ah BEDY ae 8 Sahl UNDER 
weTCkTLESSNESS IN SPACE, LINEAR ACCELERATIONS DURING LAUNCH 
AK GEeENTRY CAN BE REPRODUCED SATISFACTORILY AS A PART*TASK @N 
ThE CeNTPIFUGe an THEREFORE NEED NAT Be PROVIDED IN THE 
FLIGHT TRAINERS.! 


wUPrePePPECITSTESC ETOCS ELC OSES EE CREEPS TET EET EERSTE TTP Rh To 


eAFNSON, Lob, SrLOyY 78 DETERMINE MeTHEDS GF SIMULATING G EFe 
FeCysS, SUPPLEMENT 4, ‘ARMOUR RESEARCH FOUNDATION OF ILLINOIS 
INSTITUTE SF TECHNOLOGY: FOR WRIGHT AIR DeveLOPMENT CENTER, AIR 
ReSeaRCk AND CeyeLOPMeENT COMMAND, UNITED STATES AIR FORCE, 
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wWRIGKTeFATTERSEN AFB, 8F16. tWACC TECHNICAL NOTE! Sge344, AUGUST 
19596 


* ABSTRACT * 
AN EXPERIMENTAL VARIABLE AREA INFLATABLE SEAT AND SHOULDER 
FaARNes§ wITH the NeCeSSaRY PNEUMATIC ACTUATBRS FOR yHe 
StM*ULaTISN OF G FORCE Was FABRICATEO BN tHe PaSIS GF THE SYSTEM 
C8h\Ceer PReSetteC IN WACC TECHNICAL NOTE 58e134e A SPECIAL 
FrelMatiC CONTRSELLER WAS Devel OPED, Tre FABRICATION 8F THE 
SYStg ANC The SUBSEGUENT TESTING IS BRIEFLY BLTLINED, THE 
Seay [S MESCRIBED AND ILLUS Rate’ By NIKe PHOTOGRAPHS. IT IS 
CaXCLUCeN THAT Tre SYSte’ CenCeFy IS FeaSIBL_ aND THAT THE 
Sy* UL ated ReaCTIONs AND eFFeCyS ARE GUITE ACCURATE AND 
REALISTICe 


TRESESERSOERLRSE ES ESE SLO REET EPSP ARETE SESE RECESS TST TPP 


SRENSON, STEVEN Les KNIGHT» UAMES Res AND SUGARMAN, ROBERT Ce 
B.4 S¥ste”S AFPREACH TA TRaINING, FyNaL REPORT, SIMULATION TECH. 
NALOGy ASSESSMENT REPORT (STAR) FEFORT: SATe3 

CALSPAN CORPORATION», PeGBe BAX 2355, BUFFALO@s NEW YORK 14221 
arFRBNAUTICAL SYSTEMS DIVISION, Bey SYSTEMS PROBVECT OFFICE, 
wRIGHTSFATTERSON AIR FORCE BASE» BH 45433, YLLY 1975 


* ABSTRACT *# 
THIS TECHNICAL MEMBRANDLPY SUMMARIZES THE PRESENT STATE sOF eTHEe 
ART IN BOTR Tee ENGINEERING ANO BEHAVIGRAL ASPECTS BF SIMULATION 


TECKROLOGYe 


THE IMPLICATIONS BF THE STATE BFTHE-ART IN SIMULATION ARE DIS. 
CUSSeC AS THEY PERTAIN TO FULFILLING The TRAINING GBUECTIVES OF 
THE Bede 


IN S@me CASES IT IS BeElLIEvED THAT IN ORDER TG TRAIN PILOTS EFe 
FeCTIyELY IN A SIMULATOR, SOME BF THE MSTIAN CLES WHICH ARE 
FRESENT IN AN AIRCRAFT MUST Be PROVIDED, A PRACTICAL GROUND. 
BaSeC SIMLLATO6R, FOWEVER, HAS LIMITED MATION CAPABILITY AND, 
TREREFIRE, CANNOT RePROCLCE ALL THE MOTIONS FxPERIENCED IN AN 
AIRCRAFT, ThE TASK BF TRE TRAINING Ae DESIGN IS TO DETERMINE 
wKICh CUgS A ReGUIREO FAR TRAINING AND MGW TO PROVIDE THEM, 
THIS SeCTIAN Bn MOTION BUTLINES The PHYSICAL LIMITATIONS AND 
INTERACTIONS Thay ARE ENCOUNTERED IN TYPICAL MOTION SYSTEM 
PESIGNSe 


SERRE ERERHAE RHE RERHERER HE EEEHEHE RHEE EHHHEEEREEH EE ERE HEHEHE ETD 


CAERSON,y Sele ANC ROSCOE, SeNeo WHAT MOVESs THE AIRPLANE 6R THe 
WOFLE  eMLMAN FACTORSts 446(2)2 19720 107°129¢ 


* ABSTRACT « 
TEE LITERATURE FERTAINING TA MATIONRELATISNSHIP VARIABLES IN 
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Net 


TET PYSFLAY AF ATRPLANE FLIGHT ATTITUDE AND STEERING COMMANDS 
ANT TRE TR CFRFECTS UPAN FILST PERFORMANCE IS REVIEWEDe FACTORS 
eaNetppRre INCLLCE? (1) FIGURE AND GRAUND RELATI@NSHIPS, 

(2) CIN TPOLeLISFLAY RELATIANSHIFS, (3) WHETHER THE AIRPLANE 6R 
TRO RAL TZON IS TRE MAVING ELEMENT OF TRE DISPLAYs AND 

(4) SEP TRE TRE FRESENTATION BF STEERING COMMaNDS RESULTS IN 
FELESLTT BR CAMPENSATOURY TRACKINGe THE FREQUENCY*SEPARATIO6BN 
FRTACTPLe [S AN UNEXPLORED APPRBACH TO THE SOLLTIGN BF DISPLAY 
MOT TMX @ELATIBANSKIF FRABLEMS. A CANCLUDING SET BF REQUIREMENTS 
Fes FLUTLRE RESEARCH IS EASED AN FRABLEMS ENCBUNTERED IN 
FREVTHLS INVESTIGATIANS OF DISPLAY MOTIBN RELATIONSHIPS. 


TRC eve ee eee eeeerereRLEee eee eee EE RRS EERE EER ERE RPE Pee Eee ee SY 


CAFNSBN, Se Ley KILLIGESs Re Cos ANC ROSCBEs Se Neo 

A \ew AFPREACK TA MOTION RELATIONS FOR FLIGHT OCIRECTOR 
RISFLAYS,. SAVPY, ILLINAIS, UNIVERSITY OF ILLINOIS, 

INSTITUTE BF AVIATIE@N RESEARCH LABORATORY, 

TECKENICAL REPORT APL©71*©Z0/A8NR 71-Z2/AF8SR=71%6s OCTOBER 19746 


* ABSTRACT * 
The Rew PPFROACKES TH The PRABLEM AF PREFERRED MOTION RELATION. 
GeTFG Fir apyitiNe CISPLAYS WERE EXPLORED: A Ti pace ee 
FerGl er CY ose AR ATED KINaLAG CYSFLAY ANC aA HYPRIO FREGUENCY. 
Selah ate FRESeN TATION EMPLOYING AILERAN PBSTTION 76 QUICKEN ; 
The INCTCATIAN BF RANK ae ed CHANGES, EIGHT FLIGHT DIRECTOR = 
PySelLay CON¢1EbRa TIONS That EN ayn nee The C@MBINATIONS 6fF 
FOUR ary TTlLUe PRESENTATIONS (MIVING HORT Z6N, MBVING AIRPLANE, 
KINALOG, AND FREGLFACY*SEPARATED) AND TwE MODES BF COMMAND 
FReSeNTATIIN (PLRSLTT AND COMPENSATORY) WERE COMPARED IN A 
LINK GaTeg FLIGHT TRAINER, OVERALL, Tee MOVING AIRPLANE 
FReSpATATIAN wAS SLFERIOR TOA THE MOVING HORIZON, ANO THE 
FURL, CONFIGURATIONS heRe SUPERIOR TE THE COMPENSATORY 
CONFIGURATIONS, FURTHERMORE, COMMAND PRESENTATION INTERACTED 
hITR ATTITLOG PRESENTATION, THE PURSUIT MOVING AIRPLANE 
CAME TRaTy ON PeTNhG CYSPPAPORyONaTELY SUPERIOR 78 aALL OTHERS, 
RpSLL AS ake OTSCLSs_C wy Te REFERENCE TB PREVIOUS AND FUTURE 
Re SpakCr. 


WREPPOROPPBRELTCOCOOSCTOCOE OC CSLSE SEP EP RPE CREE PPE TEER SEE ee 


CAENGON, Webs AND FSUEK, Je BRAIN BLOEDeFLOW CHANGES DURING MO, 
TION SICKNESS, 'FIFTR SYMPA@SILM ON THe ROLE BF The VESTIBULAR 
PRO pho Th SPACE EXPLORATIONS, HELD at ThE NAVAL AEROSPACE MEDI «. 
Cal WEGEARCH LApe, PENSACBLA, Fley AUG 19"244 1970+ PUBLISHED 
AS NASA SPe314, NATIONAL AERBNALTICS AND SPACE ADMINISTRATION, 
nASke, CCese 15736 


* ABSTRACT +# 
cFeClLazrON aS 7P Tee PSSSIBILITY AF DIMINISheED BLEGD FLOW IN -\ 
the “haps AS BN—e OF The FACTARS RESULTING FROM AN INCREASE IN J 
Skeletal MUSCLE PLOAD VOLUME CANCOMITANT WITH OTHER CHARACTERS. 
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ISTICS OF MATION SICKNESS LED TO THE PRESENT JNVESTIGATIONe 
TRERMISTARS Keke IMPLANTED JN THE THALAMUS OF CaGs anD BLEED. 
FLAW CRANGES RECAROEO WeILeE THEY WERE SUBJECTED TS s]MUSB]DaL 
MAVEMENT ON A ThOHePOLE SWING. RESULTS BF THESE INITIAL STEPS JN 
A FRAPASED LANGeTERM PRAVECT OF EXPLORING DIFFERENT AREAS OF THE 
RRAIN ARE FRESENTEDs 


PRR R REC RE PE RERE REESE ERE REE REESE AREER TREE RE EER REESE RESET ES 


wOENS9IN, Wede CAFTs DESIRABLE IMPROVEMENTS IN FUTURE AIRLINE 
FLIGHT SIMULATORS. IN FROCEEDINGS BF THE ThAeCAY SYMPUSIUM BN 
FLIGHT TRAINING SIMULATORS FAR Tke 70'S, 14/15 BCTeBER 1970, THE 
RAYAL AERONALTICAL SOCIETY, 4 HAMILTON PLACE, LONDON WIV @8Q. 
FRe hel T6 Ae5 


* ABSTRACT *# 
THIS FAPER CONTAINS THE FOLLOWING STATEMENT BN MOTIABNE 


Are AF tee MAJN FREBLEMS IN FLIGHT SIMULATION AND MATION IS TB 
KKAw WHAT IS ACTUALLY NeCeSsaRY 16 Meet The TRAINING ReGuiRe. 

MeNTS FOR CIFFERENT rrbogs OF PIL@T TRAINING, I GUESTION The 

wySCAM OF THe AFP~ReNT FReESeNy CaY RUSh T6 BUY SIX AXES 

MATIAN EGLIPMeNy, | SUSPECT IF A TEN axeS MOTION WAS DESIGNED 
came RADY WAULE BUY y7 AND IMAGINE THEY WeRe BNE JUMP Ahead BF 


TRE FIELCe 


1 SeR OUSLY SLGGesy THAT A GREAT Deal OF ReSeARCk IS REQUIRED 
Ld el Ad fae nai Mad A gs WE ly ho a 
TE ENABLE eherarens T8 hRITe M Re REALISTIC SPECIFICATIONS OF 
MOveMeNy IN Rew STIMULATORS, We 6 REQUIRE Re aLISTIC SIMULATIBN 
HF qzHe acs *Mernic SWING BN LANUING AN TARE FF, ALS6 PITCH 
CHANGES DURIKG rake OFF, Sve R.SHBET ANC AP R@ACH TA STALL AND 
IK atk TURBULENCE, FURTHER REGLIRFMENT FOR SIMULATION OF 
MOveMeNy OLTSICe NORMAL MANeUyeERS IS FOR The SIMULATION OF 
SPATIAL DISORIERTATIAN wITH THE NegD TH TRAIN PILOTS TG 

Re COGhIze TRIS CONCITION AND TAKE CORRecTIveE ACTION, IT IS 
APPReECIATEc That WORK IAN THIS FIELO HAS BEEN GOING ON DURING 
THe LAST TwO BR ThRee YEARS IN THe UNITED STATES AIR FORCE AND 
ALTRAUGr The AIRLINE PROBLEM MAY NOT Be AS SevERE AS IN THE 
AIF FakceS IT IS FELT TRAT we HAVE A TRAINING PROBLEM WHICH 
SFPLLO Be CEALT wITH BY TkeE USE SF A SPECIAL PART TASK 
SIMLLATAR. 


POWERS OT UPEERESE EUS ESI ESOS SECT EES EERE TTT APE PPE SD 


wALLEY, & eB. ANC CARO, FeW. URe ¢# A DETERMINATION BF SELECTED 
C6S7S OF FLIGFT aNC aiee Race FLIGHT TRAINING+.e ALEXANDRIA, VAc 
KLM AN RESOURCES RESEARCR BRGANIZATION, TECHNICAL REPORT 7O%6, 


197¢c° 


* ABSTRACT « 
AS Fay OF AN ANALYSIS OF THe VALUE OF SYNTHETIC TRAINING Aq 
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TRF 1g Se ARMY AVIATION SCHBALs CASTS ASSOCIATED WITH THE 
CANCLCT #F FLIGHT AND SYNTHETIC TRAINING IN THE INSTRUMENT 
PRAGr WE TRE ARMY'S AFFICER/ZWARRANT OFFICER ROTARY WING AVIATS” 
Cel per apRE [TPE ATIF TEO ANC CAMPLTED SEPARATELY FOR EACH TYPE BF 
TRAIP ING. IT wAS FAUND TRAT, FOR THE FACTORS CONSIDERED, THE 
FPLALY CAST PF FLIGRT TRAINING AT THE TIME SF THIS STUDY 
(SFETEMBER 1966) WAS APPROXIMATELY SIX TIMES AS GREAT AS THE 
CASkesFaAnCING COST OF SYNTHETIC FLIGHT TRAININGe TRE REPORT 
PeSCRTOCS THE SALRCES FOR AND THE TREATMENT 6F DATA, AND THE 
Machk ASSLMPTTANS MADE IN ALLOCATING The COSTS. AN 
TLLLE7RATICN TS FRAVICFO OF THE USEFULNESS OF SUCK COST 
TRFRRMATTON IN CETERMINING A COST*FEFFECTIVE COMBINATION 6F 
FLIGHT aX SYATKEFTIC FLIGHT TRAINING FAR ATTAINING A PARTICULAR 
TRATATNG GAAL. ATRER APPLICATIONS OF THE REPARTED INFORMATION 
ARE RP SCUSSeECe 


VEL UCPERUTEELEOSCELCCCCCCOSC CARA CRC RPP PP eee eee Se Tee ee ef 


COMPS, CeGe ANC TOMLINSBN, BeNe THE REPRESENTATION OF LOW ALTI» 
ThPe aTMASPHE RIC TURBULENCE IN PILATED GROUND. BASED SIMULATORS, 


meAYalL ATRCRAFT cSTABLISKMENT! (ENGLAND) RAE TR 741498. SEPTEMBE® 


19716 


* ABSTRACT * ; 
TeVer gl aSFeCys AF phe SIMULATION BF FLIGHT IN es ARE } 
Revtpapl, TNCLUCING MatkeMatICAl MADELS GF aIRCRAF Tt RESPONSE 76 a 
rept ucnee MarelLs ant “eaSUREO PROPERTIES BF ATMBSPHERIC 
TLEPLEGRCE, ANC Tee SLBLECTIve ReaCrIOns OF THe HUMAN PILOT, 
eqLAys apReAR TP Be PARTICULARLY SeNSItIVe TO TRE LARGE, 
INTeRM I trENT, PEAKS THAT SCCUR IN THe AIRCRAFT RESPONSE 16 
TLABLU PACE, ek, WB GUST GENFRATARS, wHICK hAye GAUSSIAN 
STATISTICAL FRIpERTI ES, DY NOT ADEQUATELY REPRESENT THe 
INTERMITTENT hat a OF ayMOSFreERTC 7URBULENCE. a PROPOSED 
CySren FAR AN IMPREyEU GUST GEnERATOR, INCARPBRATING NONLINEAR 
TRANSFORMATION EF ~ GAUSSIAN PROCESS TS OUTLINED, 


TR Cer ee Ree Pe ePePr Eee reece ee PPE RSE SERRA SERRE PERE ESE EERES E  S 


elLN KER, pete AND LeVIS@N, WH, APPLICATION BF CONTROL THEORY 76 
THE ThyeSTIGATION FF ROLL MOT] 9N eo bee 6N pILOT CONTROL Be. 
FevIVR, Tree FRACEFOINGS SF CANTRAL DECISION CONFERENCE, 1977, 


* ABSTRACT *# 
Tee cPELTCATIAN SF MaNUaL CaNTRAL tHEBRY 78 The INVESTIGATION GF 
Tee gFF ECTS OF MATIAN CLES BN PILAt CONTROL BEFAVIOR IS PRESEN. 
tel, EXPERIMENTS AND MADELING APPReACRES WHICh HAve LED TO THe 
CE VELAFMENT ak A PREDICTIVE MOTION SENSITIVE OPTIMAL eCONTROL 
PyLAtovehIClLe Madel FOR ROLL aXIS MOTION CUES ARE DESCRIBED, 


PTEPRVEPERECEBPEVERETUEEOAC ACCC OCC ORR EERE CECE RRR ETAL EE 8 ) 
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CLUNKER, AeMe AND WeHe LEVISONe RECENT ADVANCES IN MODELLING 
TRE EFFECTS OF RALL MATION IN TRE HUMAN OPERATOR.» AVIATe SPACE 
CN\VIRGhe MEDe 49(1)$3 328°334s 1978. 


* ABSTRACT # 
AN EXPER IMENT Is PRESEN tee tN WRICH THe EFFECTS 6F ROLL Belsens 
AN, FLMAN BPERATAR PeRFARMANCE NEE INVeSTIGATEL, The MBTIO 
Cles CANS 1OEnEc weRe The ReslLT 6 UA ed veHICL_ MGTIJON AND 
vehTCle Dist PANGES AN BPTIMalL C@NTROL PrLeTeVeHICLe MODEL, 
F ARManCe PRIBG 6 £Xx TING T X IMENT T z fe 
ricr rans AND EXPERI ERTAL RESULTS aRe EaMpaked, OF “tHe FepeL® 
FReCrcrrahs g PERCENT aARe WITKIN 1 $,0, SF THE MeANS GF THe 
exPeRyM NTAG RectErs The HIGH CORRELATION PerreRY MeOeL PREDIC, 
FT8ks aD SYSter PERFORMANC, INDICATE ihe User Seness OF THE PREe 
PICTI ve Medel Far EXPERIMENTAL CeSIGN aND FeR PREDICTION 8 
Frley PerFaRManCe INFLUENCED BY Mary6N CUES, 


TRUER ECECUEE OSE ES ECE REESE SE EPSRC ECTS EEE ER RSET ERE ERR EE ESE ET ES YT 


eUNKERs AeMe ANC PRICEs Ue COMPARISON BETWEEN A PERIPHERAL DySe 
BELAY aNC MOTION INFORMATION BN HUMAN TRACKING ABBLT THe ROLL 
AXIS, tAIAA vVISLAL AND MBTIAN STIMULATION CONFERENCE, PROCEES 
PrSGse, CAYTAN, AKIO. APRIL 2628 1976 PPe 63°726 


c * PPedta ‘de® 
aA COMP aRaTIve S7UCY BF tke cFFeCTS BF PERIPHeRaL DISPLAY 
easel y6N Ane MeTION Cle ;NFORMaTyON AN ROLL axIS TRACKING 
was P FaRy, « 1% Has 2 SH8wN THaT SIMILAR MOTION 
INFARParITON IMERByeS TRACKING PeERFARMANCE FOR SGME RELL AXIS 
TRACKING TASKS, tbr THe MOTION CaSe Tree CUES AVATLABLE 
CANSISTED SF ANGULAR ACCELERATION BR VELACITY AND LINEAR 
ACCELERATION, The PERIFR Ral DISPLAY wAS DRIyeN BY PLANT ROLL 
Rate GlyfNG The KUMAN @FERATBR ANGULAR yvELOCITY INFORMATION 
BX\LY, THE SAME INPLT F@RCING FUNCTION AND PLANT DYNAMICS WeRE 
LerC FAR Tke MATYON CaSE AND THE PERIPRERa~AL DySPLaY CaSeE sé 
TAT COMPARISGAS COLLOD pe MADE. The TRACKING RESULTS INUICaTE 
AN EGLIVALENT IMPROVEMENT IN PERFORMANCE FOR BOTH CASES 
SLGGFESTING TRAT ANGLLAR VELUCITY INFORMATION waS THE PRINCIPAL 
“ATION CAMPONENT USED By THe HUMAN CONTROLLER, The RESULTS 
ALSA SUGGEST THAT PERIPrERAL DISPLAYS CaN Be oh T8 ENHANCE 
TFACK ING iit MUCk Tre SAMe waY AS MATION CUES FOR TRACKING 
FERFARM ANCE. 


POET OU PUETEECEOCUPCEO SECU COSC EC EPEC REEL ESET EP EEE TET ERA REE ES DS 
eUNKER, AoMe, AND REPLOGLE, CoRe, MOTION EFFECTS 6N THE HUMAN 


SeFRATOR IN A ROLL AXIS TRACKING TASK, tAVIATION, SPACE, AND 
ENVIRONMENTAL MEDICINE's, 45(6)2 8198222 JUNE 1975 
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* ABSTRACT #* 
T) PETTEP UNCERSTAND THE EFFECTS 8F MO7]GN BN TRACKING 
EPRPARMANCE, A SIMULATOR CAPABLE @F BEING CONTROLLED IN A 
STATIC AT wELL AS MATION MEADE, WAS DEVELGPED, USING THIS 
CIMLL ATOR» 12 VALLUNTEERS, SEPARATED INTA GROUPS OF FOUR, 
ATTEMPTED TA TRACK A WING ANGLE TARGET DISPLAYe* THE TARGET WAS 
SETVEN aTTR EFAKCLIMITED (CoS RAC/S) GAUSSIAN NOISE SO THAT A 
RALL ANGLE GF Lec PEGRFES waS EGLIVALENT T6 1 Se De DIFFERENT 
CaANyealL CYNAMICS (FLANTS) weRE LSEN FeR EACH GROUP 6F VELUN} 
TEFERS, FSR Manlal CantRat Ff Plants 6F tHe Farm K/(S#S), THE EXe 
FeRrvpatal RESLLTS INDICATE THAT LARGE AMPLITUCE ROLL MOTION IN- 
FeEMaTTAN PERLCES TASK LEARNING TIME AND CAUSES A SIGNIFICANT 
IMP ReVeMeNT TN TRACKING PERFORMANCE. FOR CONTRGL OF SIMPLER 
FLANTS, 9F TRE FORM K/S, NA IMPROVEMENT DUE T@ THE PRESENCE 6F 
TR” MATIUN ENVIFANRENT WAS BBSERVED 


MR ae ee HEH FE EE ERE eH HHH HERE HEHEHE ED 


KATL, RATL « MPTTON SIMLLATAR ACTUATOR VBINT 
FATENT NMR e 396779659 
FILED ALGe 6» 1966 GRANTED MAY 4, 1974 


NE ABSTRACT 


PRP EVERULESEC ECR CC CORSE Ee ee ee ee eee eee ee ee ee Bol 


wATL, «ARL As © CONSTANT SPEED FROPELLER SIMULATING MEANS FOR 
Ay TATION TRAINERS PATENT N9, 2,439,168 
FILeEr CLLY 31, 1645 GRANTED APPIL 6, 1948 


KP AS STRACT 
PERSP oP PEROT PECETCTCOCCOCCOCOCCLOC SSCP eee CeCe PEEP CPP eee 2 


ie KAPLAN © CACKFIT MOTION SYSTEM FAR arRCRaFy SIMUL ATERS 
PATENT MHe 303040678 
Filer “AY 249 1665 GRANTED FEHe ay5 1967 


Ke pigTthkaCT 


POPUP EVERPEULELETECUEELEL LICL CEO TCR eC 8 


kKeELLEY, Come ACAPTIVE SIMULATION: DESIGN APPLICATIONS 6F SELFa 
at slg tne SIMULATORS, ENGINEERING PSYCHELEGY BRANCH, PSYCHB. 
LACTIC, SCteXCes CryISI6N, OFFICE OF Naval ReseaRCH, CONTRACT 
NONE yORe(CO) SR 196"C08Cs AUGUST 1966° 


J * ABSTRACT *# ; 
AP AP Ve BR tSELFeADSLS7INGs STIMULATORS VARY thE IR BWN 
PHEETCULTY Level ALTBMATICALLY AS A CONSEQUENCE OF OPERATOR 
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FeRFaARMaANCEe THIS STLCY REVIEWS THEIR USEFULNESS FoR DES ION IN 
Tho TECRNICAL PaPBRS. AKC REPRINTS the BASIC gpnh ter TECHNICAL 
FaFeR IN Tee Forel WeICh Hal GeCeMe Unavarla rE the FIRS, 
Fare | *eesTes AFECICATIONS 8F aCaPrive SIMULaTORS!# REVIEWS 
TRE MISTPRY AF pDaPrIVe SIMULATION, ANALYZES aND CeveluPs 
RECOMF ENDED ECUATIAKS ANC PROCECURES FAR ADAPT 1 VE APPLICATIONS, 
aNl PRESERTS ExahPle CATA “ITH ReSPeCy 7O3 1) DISPLAY GAIN; 

2) CANTIALAUS vS, BN.GFF CfiNTRAL;, ANC 3) ONE VSe Tne VS, 
THREE AXIS TASKS, THE CATA WERE GATHERED BY AN ADAPTIVE _ 
TRACKING SIMLL aTBR WHICh vaRTE? The AMPLITUDE BF The FORCING 
FLNCrTAN BF AN aCCeLeRaTION TRACKING TASK AS a FUNCTION OF 
APFRATAR FERFARMAKCE. ThE Ss ecetae PAPER, 1#CRAggeADAPTI ve 
YeekaOR LOaCING paSkS,+ Ces Rios AND ILLUSTRATES ADAPT] vE 
TeCRNyGLES BY MeatS OF WHICH PERFARMANCE GN BNE (PPRTMARY) TaSK 
Mal yFres A SECON (@PeERaATBP LOACING) TaSK IN SUCK a WAY That 
PRIMARY 7aSK Hencectance IS STANDARDIZED, aNC all 6F THe 
VARTANCe TRANSFERRED TA Tre LOACING TASK SCARE, EXPERIMENTAL 
Tata aPe Gived CAMPARING PERFORMANCE WITH aA PRIMARY TASK 
aALKE, A FRIM~RY PLLS INCePeNDENT LOADING yASK, AND A 

ExtMaky PLLS CRASSeACAPTIVe LOACING Task, RULES FER APPLYING 
CR4gSeaCaFTIve LAgCING taSkS aPe GIvEN, 


TRE rer TCP eee ee eC EP EES EEE SPT AESOP CLEP REESE PSR PE CSP PP RE ES 


KELLFY, CeRo,s RAWEN, heMey DE GROAT, Se» FRANK, Pe, AND CHANNEL» 
RC. RELATIVE MOTION, Ti: THE NATURE AF MOTIAN SITUATIBNS?, 
NAVTRACEVCEN 316*12 19 NOVEMBER 19596 


* STR #* 
TeSIGNERS SF BPERATIONAL ako Seat Ne GUIPMeENT AND 

FRAC-OCRES IN MANY AREAS BF PILOTAGE ake Nay GAT I8N MUST HAye A 
Cie ak MING) RSTANCIAG oF kFOw MAN BeHAyeS IN RELATIVE MOTION 
SITLATIGNS, TOA TRIS ENC, ThE PSYCHB-PFRCEPTUAL AND THE 
MATREMATICAL ASFECTS BF ReLATI ve MATION SITUATIONS WeRE 
CelINeAtec ANC SYSTeEMATIZED, ANC ONE RELATIVE MOTION EXPERIMENT 
wAS PeERFARMEL JN Tree LABBRATGERY, 


tee S7UCY CeFIAeO Relative MOTION AS Tee CHANGE IN THE RELATIVE 
FRSTTFAN BF ThA MOVING SEUECTS WHICH CAN BE PERCEIVED GR 
UrxfeRsteel IN TERMS BF MORE THAN BNe FRaMe AF REFERENCES? A 
CooENERaRK FAR PoyChOLAGTCaL THEORY WAS Deve ler D why CH 

YrelLf&e-N GLIDELINeS FOR ge The +6LTSIDe the yveRSUS THe 
r<cyCe Abe! REFERENCE FRAME FOR OPERATOR ee TRE 
APFRAPRIATCNESS SF a REFERENCE FRAME WAS FOUND TO ge A FUNCTIBN 
AF? 


A, TRE SPEEC WITH weICHK A GIyeEN TASK MUST BE CARRIED BUT 
AND @TFER BPERATBR REGLUIREMENTS, 


B, Tre FRYSICAL ENXVIRGAMENT, ESPECIALLY AS IT AFFECTS The 
RICKNcSS AKD Size @F VISUAL CUES, 


C, The NATURE SF ACCESSORY CUES (EeGe INSTRUMENTATION), 
58] 
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TEE FXEERIMENTAL PARTIAN BF THE STIIDY IDENTIFIED SHAPE OF A 
TAPGH 7 AC YNE AF The CPLCTAL CLUES TO ITS MOVEMENT WHEN 
aASERYyeD BY A MAVING ORSERVERe IT ALSA ICENTIFIED AN 

INFAR PANT CANSTANT ERROR IN THE CUCGMENT 6F A MBVING TARGET BY 
A MRVING BFSERVER. 


Tate eee ee ee eee eee eee eee ee eee eee ree ee eee eee eee eee S| 


KrL LE y, CRARLES tee, OE CROAT, SYRII, ANC BOWENs HUGH Me 
Kplattve MATIAN TIT? SOME RELATIVE MOTINN PREBLEMS IN AVIATIAN 
NAYVTRALEVCFEN 316022 CUNTRACT N61339"316, DUNLAP AND ASSE8CIATES, 
TNC e CAKe 19619 67 PFe AD P&E34E 


* ARSTRACT «* 

TH FXFLAGE RELATIVE MATIGN PROBLEMS IN a VARIETY OF PILOT AND 
NAVICGATAR TASKS, BUTH FIELD ANU LateARATARY STUDIES weRE 
CHNELCTES>® IN Tre FARMER, METHBCS USED BY PILOTS 16 FLY 
IS TERCL ETS weRe SURVEYED y THe GLIDANCE BF ATR «TG *GRAEUND 
rT*SIceS wAS ANAL YZEDs AND RELATIVE MOTTON PROGLEMS IN 
ATTITLCe AKL NAyIGATION CISPLAYS (INCLUDING THE ANIP DISPLAY) 
welte POeE TIF TED, Tho EXPeEPIMENTS WeRE CARRIED GUT 76 DETERMINE 
Maghialbe TeSFANTES TH FINS TOR <9L7' DISPLAYS aS A FUNCTION 
vF CrsPtaY SfzZze akP 70 CETERMINE Hw 7A ELIMINATE wRONG 
ReCeanees 7A RALL TNFURMATION pReSes ‘TED @N SUCH UTSpLaYS 

i (RoypRsal FRROFS), THe STUDY CONFIRMED THe gold Ee EM 6F 
SLUTS TCE TN OTSPLAYS, MACE Specle ire ReCOmMENDATI NS FOR THe 

rSIGN SF haVIGATION ANC ATTITLCE DISPLAYS FBR AIR AND SPACE. 

CheAPT, AKC SUGGESTED WAYS GF ELIMINATING REVERSAL ERRORS, IT 
AL SA F-CAMMERC EE PRACEDLURES FAR "issike GUIDANCE, aND PROyJ0ED 
ThS Tee PE TNT@ Tee CleS LSeO By PILATS IN WISUAL INTERCEPTS, 


Vater ee Ce eee eee ee ee eee eee CTP Pee Pee eee eee ee ee ee 


KFLLY et La Mer ee ota — 
mmhe FplLaT MakeRe, New YORK: GResset aND OUNLAP, 1970.6 


* ABSTRACT + 

rRTe EAAK OESCR TPES The mene cLOEMENT OF yH E ORyGyNal LINK 
TEAR, © 7B Tee MAUPRN ATRCRaAFT AND SPACECRAFT SIMULATORS, 

tke REETNaL LINK PILOT. MAKER NaS A RELATIVELY SIMPLE DEVICE 
CAME ARE 7? MALERN SIMULATURS, FOWeVER, IT WAS A MOVING BASE 
TRAN, & a~NC CAULM SyhULarte RALL, Pt7Ck ANC Yaw, The QUESTION 
NF ge, Neel SF MATTEN IN STMULATARS Was DrsCUsseO, LINK Had 
AG TCTRaLLY US_eL eT TON IN THe EARLY TRAINERS, LATER, The 
CAnFanY M6veC FROM ThaT CONCEPT BeCalSe THe MOTION IN THE 
MOTION PRAT AAS ale Hebel WAS er te oe WITH THE F 

qr A Rr al ATRCRaAFT, LINKIS FIRST CaMPL eTELY ECTRANIC Meg 
WAe OW Fixe CebaSeE TRAINER, LarteR SrIbl, EL INK betidet IN rob 
AF yh ace MA7TOh AGAIN IN THEIR TRAINERS, SINCE THE Agrg's 
heh gke GleS7rAn GF THe Reed OF MOTION WAS FIRST vIGGROUSLY 
PePate® at LINK, TRERE FAVE REEN SEVERAL ReVERSALS, FIRST 
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FAVAF ABLE» TREN UNFAVORABLE TOWARDS The INCLUSION GF MBTIBN 
CLFS IN SIMULATOBRSe IN A SENSE» THIS FISTSRICAL SKETCH 
REFLECTS BUR FRESENT DAY THINKING AN TkE SUBJECT 6F MBTION 
SIMLLATIANe CESPITE THe C8MMENT ON PAGE 121 OF THE BOBKs, THAT 
TRE RESLLTS AF MILITARY TESTS “ERE UNECGUIVEOCALLY IN FAV6R OF 
SLITABLE MOTION SySTEMS IN SIMULATARS , THE GUESTIEGN APPEARS 
TA KEEP RECYCLING WITHELT ANY CEFINITIVE ANShERe 


TRERERERCT ORL O RES ERC R ESE LEE EE ESS REPRO PP PC PS PP PPPS PP PS 


KEMMERLINGs FeTes wRes CYNAMIC CRKARACTERISTICS BF FLIGHT SIMULA® 
TEE METIAN SYSTEMSe PREFARED FER AGARD SPECIALISTS MEETING @N 
FILATED AIRCRAFT ENVIRONMENT SIMLLATIBN TECHNIGUES, BRUSSELS, 
PELGILMs, E4227 APRIL 1978 


* ABSTRACT * 
IN The CALRSE BF ThE WORK ACCOMPLISHED BY WARKING GROUP #07, 
MANY CIFFERENT APPROACHES te Pee: Jolie depagl ogi OF 
Me ANTAGFUL CKaAR RISTICS @ ye VST AV } ° 
ceRer, rf INC Ty ToUAL Mer BERS CORT [NUE 10 TEST Ve Se Me ASUREMENY 
TeCenIGuES IT Sepe~S LIKELY THAT SeMe BF THEM MAY BE AMELT@RATED 
PR CysCaRCeD, adD,/O8R New BNES ADDEL, FAR EXAMPLE, CURING RECENT 
VE ASUREMENTS 8h. RACKLASF TAKEN ON THE ALR FEUR.LEGREE e OF FREEDOM 
MATI@N SYSTE”, ReseaRCHeRS CAULO NOT DeTeCT BACKLASH IN THE AC. 
CeleRarroN SrGhal, UstNc me WSRKING GREUP'S PROCEDURES, 7 
Servs aerial TRAT SOMF IMPROVEMENTS IN THESE MEASUREMENT TECH. 
\1TGleg FRR BaCkKLaSH WILL FAVe TO Be MaDe. 


IN aCCr7y8N TS8 MEASURING THe MOTION SYSTEM TRANSFER FUNCTIGN 
wIThk SINUSOIDAL EXCITATION, IT MAY BE CANvENIENT 18 ACCURATELY 
MEASURE CERTAIN olga ig BY MeANS SF a STATIC Aiea CHARAC™ 
TERISTIC, TRIS IS SIPPLY A RECTANGULAR PLOT 6F THe SYSTEM 
TRANSFER FUNCTIGN LANDER GLASILSTATIC CASNDITIONS, ELIMINATING ANY 
FFFeCTS OF DYNghICS, IT CeFINES THe aCCURACY aNO LINEARITY OF 
RePRACUCTIGN 6F the CAI’MAND TO The SYSteM AT 7ERGB AND VERY LOW 
RATES, AND AT LARGE EXCURSIONS BF THESE VARIANTS. 


AN ATER USEFLL MEASUREMENT Teen ue IS THe TRANSIENT RESPONSE, 
CeFINcO aS Tee TIme HISTORY BF Tre PESPANSr GF THE mOTIUN SySTEM 
TA A STEP INPUT COMMAND, IT IDENTIFIES THE INITIAL DELAY, THE 
CeGRee AF CAMFING, AND TRE SETTLING TImMEe 


TkeESe MEASUREMENT TECHNIGLES ARE NOW BEING REFINED AS THE WERK. 
TNG GRALPI'S MeMBERS PERFORM THEIR INDEPENDENT STUCIES, AND THEIR 
FrNal PRACLCy WILL Be A VALUABLE TAXONEMY OF THOSE PHYSICAL 
CKARACTERISTICS BF FLIGRY SIMULATER MOTION GENERATION SYSTEMS 
TRAT aARe IMPORTANT AND SIGNYFICANT IN PRAVIDING HIGh FIDELITY 
REALISTIC MOTION CLES TE The PILOT. 


TETS ~S 9F SPECIFIC IMPORTANCE TO THE NEWLY FORMED ASMP = FMP o 
GCF MLULTIPAREC WARKING GROUP BN FIDELITY BF FLIGHT SIMULATION 
FAR PILSy7 TRAINING « WORKING GREBLP yO. AS PART OF ITS SCOPE OF 
eFFART, WORKING GROUP i¢ WILL LOABK AT MATIGN SIMULATION FARDo 
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wARE, [TS GUALITY GF PRECLCED MATIANS AND THE GENERATION O6F 
MOTION CLES, AND TRE MOTIAN CHARACTERISTICS CEFINED BY WORKING 
CLZPLP 57 SKELLO FORM AN EXCELLENT PASEL INE FOR DETERMING THE 
SPTIMAL LSE AF TRE CURRENTLY AVAILABLE MATION SYSTEMSe 


eH EH a HEH HHH HH EHH RH HHH EHH 


KENNEDY, ReSe MATIAN SICKNESS GLESTIONNATRE ANO FIELD INDEPENe 
Cece <cePRFS aS FREDICTSRS AF SLCCFSS IN NAVAL AVIATION TRAINe 

ING. ‘'AVIATIABN, SPACEs AND ENVIRBNMENTAL MEDICINE', NOVe 1975, 
1949=1 3826 


* ABSTRACT * 
TEE PRESENT REFBRT FAS SHOWN THAT A MOTION SICKNESS GUESTION] 
NATRe CAN PE USFO TR PREDICT SUSCEPTIBILITY TA MOTISN SICKNESS 
PR FLYSRT TRAIAING SUCCESS, DEPENDING BN THE {TEMS SCBRED,. 
TeeRe 1§ A OTSCLSSTON SF THe TREBRY THay MOTION SICKNESS 
ReSlLLS FROM CANFLICTING PERCEPTLAL INPUTS, THIS THEBRY IS 
Relate? 18 AIRCRAFT OPERATING CONDITIONS, SCORES BN A 
FrFeanalyTY TeS7t wWHICh aPPeaR 18 Be RelLateD T6 SIMILAR 
EekCepeplal PhenaMena aRe Relate 8 AvraTISN SUCCESS, ONE 
FREENGTYFe, FIElLC pNOePENCENCE, SEEMS TA Be PROMISING IN THIS 
meECaRCe IN AcOITION TH USE BF TRIS FINDING IN AVIATOR 
Selecyr@s, It 1S Felt Theat STUCTES SF rhIS TRait, AS IT Rebates 
78 ah aprkiITY 7A ReECANCTLE CONFLICT AND 78 MOpTEN SICKNESS 
TNSlSpeyrPILiTY, SRALLD BE CANUUCTED. 


wire errr eer er Pere eee ee Pee ree ee Pee PP Pe Pee eee eee he Bl 


KERRECY, Re Ses MBRANEYs, We Fes BalEs Re Mes GREGBIREs He Go» 
ANL cMitks De Ge 

MATTAN STCKNESS SYMPTOMATGLEGY AND PERFGRMANCE DeECREMENTS 
ACCASTHAe 3Y KURRICANE FeNe TRATIONS IN Cot2i, Coi30, ANC P.3 
NAVY AIRCRAFT. 

VMAFRASFACE MECe! 43(41)% 1239571239" 1972¢ 


* ABSTRACT _»* 
the FLSPASp AF pRIS ReSeaRCh WAS 79 OgyERMING THe CEMPARATI VE 
Cine ce SF way r8h SICKNESS aNO THE AMBUNT OF PERFORMANCE 
PeCReMeNy aSSBCTATED WITR HURRICANE PENETRATIONS BY THREE TYPES 
PE Rayy AIRCRAFT (Fea, Coi3Q, ANO Cw121). THREE CIFFERENT NAVY 
ATSCR AF MADE SEx FLIGHTS, CACK FLIGHT PENETRATING HURRICANE 
ThEA SpyckaAL TIMES. The CANTRILLING ATRCRAFT WAS A Co121 WHICH 
1S Rau pThelY eMFLAYeD PY THe NAVY FAR FURRICANE Pence TRATIONS, 
THE "iprER THO AIRCRAFT (C#139 AND Po3) FALLO@WED THe Ce121 INTO 
THE STPRM AT SRERT INTERVALS ANC PENETRATED THE STBRM AT THE 
CaMe alyrTlOe, breaCING, aIRsPeel, ETC, 


Mer clhaeCrS exeeRieNCeC SLIGHT 7e MACERATE pee DURING THE 
FLIGKyS, WITh GeNcRALLY HIGHER SICKNESS RateS BCCURRING DURING 
tke “AR, TURELLENT FLIGHTS. THE SUBYECTS! OVERALL FLYING 

EXFPEETENCES AFFARCED save PROTECTIAN FRAM SICKNESS; AIRSICKNESS 
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RATES IN THE Cet2e1 WERE GREATER THAN TROASE IN THE Cw#439 AND 
Fed. The RESLLTS 8N A COMPLEX COUNTING TASK ShOWED THAT 
FePFarManCe O¢CReaseO as a FUNCTr@N OF yNCREaSED TURBULENCE, 


INeFLIGHT RECERCINGS BF LINeAR aNO a~NGULAR aCCeLeRatIENS 

AE Pe ReLate& 78 SICKNESS RareS, AND IT IS SUGGESTED THAT THe 
FReGLENCY BF rhe LINECAR OSCILLATIONS MaY Be a MORE IMPORTANT 
vaFTA be FaR FRADUCING MOTIAN STCKNeSS THAN The MaGNiTUD_e SF 
tke aCCeLERATION PER Se, FURTRER, BeCalSe The RELATIONSHIP 
Rethech inh se 1G shee. AND LINcAR aCC LeRart NS OOeS NOT 

Er A: b da) E Linear, THis F yNO ING CeULB AVE IMPORTANT 
IMFLICATIONS FAR the DESIGN HF ATHER FORCE ENvIRONmMENTS, 
THeS¢ IMPLICATIONS aRe CISCusseD, 


TOP CSPEPTECOC RRL SS EPP ES CS PEEP ETERS RES EER EET ETAT PS SEE YS 


KENNELLY, Eowes 'CEVELBPMENT OF a MULTIPURPOSE RESEARCH SIMULAe 
TARY, GRUMMAN RESEARCH BRACHURE, GRUMMAN AIRCRAFT ENGINEERING 
CAe» BETHPAGE, NEw YORK, FERRUARY 1959. 


* ABSTRACT * 
THIS EGLIPMENT Sg S OF , MOTION SIMULATOR, A LARGE VARIETY 
AF ScRVA EGUJFMENT FOR CRIVING VARIOUS INSTRUMENTS AND A 
vISlal O;SPLaY 6F Tee ALTSIDe WBRLD, OUR DYNaMICISTS AND 8UR 
kLUMah FaCyORS PeAPlL_e Set UP al FOR NeW SIMULATION 
EGLIPMENT, rere EGLIPMENT can Be BROK-N DOWN INTO SEVERAL 


PRPAP FIELDS. 


IN qrke yr6b akl S7AL aReas, ee ARE pROglL_eMS BF CONTROL 
hel He ake NOT BALY UNUSTAL IN 9U EXPER TENCE. BUT ALS®8 
FAFTICULARLY LNUSLAL BeCALSe NEAR. THE AGROUND FLIGHT POSES 
CRITICAL CONTROL FROALEMS WHICH ReQUIRe SPECIAL SIMULATION OF 
ERBLAC FROXIMITY IN THE VISUAL CISPLAY, SINCE THIS FIELD 
FLACES A PREMIUM BN PILOT ReSPUNSE, We FELT THAT THe ANGULAR 
ACCELERATIONS AKD veLOCItics BF THe COCKPIT WOLLD Be A 

EARS TELLARLY USeFLL FeaTURe IN THIS STUDY, A DESCRIPTION OF 
Tee MBTIAN SYSTem IS PROVIDED ALBNG WITH ITS CAPABILITIES, 


PREP UVUPTETITSTAECEC ECE OSE SAC C RECEP ECE ETT TEER SRS EE RRR SD) 


KEYs CAVIC be, SDNE AL pitty Les AND SINACORI wOHN B. MISSION 
E VIRBNMENT SIMULLATISN FOR ARMY RBTORCRAFT OpyeLOPMENT-REQVIRES 
EXTS ANG CAPABILITIES. AERAMECKANICS LABORATORY, U.S. ARMy 
AyIATIBN RgO COMMAND, AMES RESEARCH CENTER, MOFFETT FIELD, CA, 
ERESENTEC AT AGARD FLIGHT MECHANICS PAKeL SPECIALISTS! MEETING 
PR FILO¢eEC AIRCRAFT ENVIRONMENT SIMULATION TECHNIQUES, BRUSSELS, 
RELGILMs APRIL 24*°27 1978¢ 


* ABSTRACT *# 
The MeLICBPTER TS NATURALLY a GROUND COKTACT MACHINE PAR EXCEL~ 
LehCe ANC ITS MISSION USE IN ARMY avlaTION IS MORE CHARACTERISe 
TiC AF A FLYING wef OR TANK THAN GF AN AIRPLANEs THIS PUTS THe 


585 





aera et 


NAVTRAEQUIPCEN [Hee98 


ARMY AVIATAR TN AN ENVIRONMENT RICH IN DETAIL BETH FROM THE 
GPRPLNC ANC FRAY TRE ATMASPHERE*® TEPRAIN FEATURES» BATH NATURAL 
ant MANeMACE, VISIBILITY FACTSRS BF WEATHER ANC DARKNESS, AND 
ATM ASPEECSIC CRARACTERISTICS BF WINC, TURBULENCE, ANDO GROUND 
CFFECT ALL HAVE TA BE REPRESENTED TA THE HELICGPTER PILOT IN 
STONTEICANT CETAIL TS PROVIDE A MEANINGFUL SIMULATIANe 


THI APSAYECHANICS LABBRATOBRY BF THE UseS. ARMY AVIATION R&D CAMe 
MANE (avRACCAM) TS ENGAGED JN DLEVELBPING A SIMULATION CAPABILITY 
TR CLEPART AVIATI6N SYSTEM DEVELOPMENT AND SYSTEM INTEGRATI®AN, 
ThIS ,FFeERT TS PEIhG PERFORMED VBINTLY wITH NASA AT THE AMES 
Beep akcr CENTER. EXISTING FACILITIFS AT THE AMES RESEARCK CENTER 
FAVE ELEN LSFE TA DeVELBP MATIGN SYSTEM REGUJREMENTSe ALTHOUGH 
TRICE akF PARTICULARLY SEVFRE CLE 18 TRE HIGH MANEUVERABILITY 
BeSutRE OC IN TrE TERRAIN FLYING EXVIRENMENTs THEY CAN BE ADE 
SLATE LY ACRKIEVEC BY UPGRADING TEE NASA VERTICAL MSTIEN SYSTEM 
FRFCENTLY UNCER NEVELBPMENT, ACEGUATE SIMULATION OF THE VISUAL 
FRVIRGA\MENT *ILL BE MUCk MORE DIFFICULT TO ACHIEVE. THE RICh AND 
VAS TEC CeoTAIL VISIPLE IN TERRAIN FLIGHT MUST BE PRESENTED BY A 
wICe FIELCeOFevIEhw SYSTEM WITH MLCK DETAIL AND HIGH RESOLUTION, 
THe FATARYeWING Ral SIMLLATBR “UST bAVE GREAT VERSATILITY FOR 
FACY CHANGE AF CAB CBNFIGLRATISNS AND THE CAPABILITY Te ACCaMMe-~ 
TaATe » Tw6 SR THREE MAN CRew, HASIC SPECIFICATIONS FAR AN ADE. 
Ghat, visbal Crsplay Ave BeEN CevelbPrl AND aRe COMPARED IN 
TeYS RePART wrTk CURRENT AND FARECASTED Tee niees FeR MAGE 
CereleaTTaN ANC PRESENTATION, RESULTS BF A STULY PERFORMED 16 
Pevtehh ine THe Fe aSterLityY §F MEETING TkeSe REQUIREMENTS USING 
the CURRENT TpCRN@LAGY BF Ty CAMERA.MG0EL IMAGE ms Sal lla AND 
FOAM Cte OISFLAY IS CISCLSSED AKD AN aSSeSSmMeNy OF THE POSS]. 
PILTTY TeAT CAMPLUTER GENERATED IMAGERY (CGI) CAN ACHIEVE THE 
Peep Level OF CETAIL IS PRESENTED. 


7] 
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KICC, © Ag, BLLL, GL, ANC HARPER, R,P, INaFLIGHT SIMULATION | 
teeeky axl aPelLyCaTIOh. NORTH ATLANTIC TREATY ANC SRGANIZATIBN, 
mp Vv ISeRY GRALP FRR ApPSNAU TT Cal RieSear H ~aNO CeveLOPMeNy Ree 
FRET) d¢Re APRIL 1541° 


* ABSTRACT * 
tEIS REPORT Coals *rTR phe a~PPLICaTION BF SIMULATIGN 
TePRL TGbeS TA Tre PRABLEMS OF DgTERMINING AIRCRAFT HANOL ING 
FLAL Tye Se ANALOG CAMPLTERS, FIXED base SIMULATORS, AND 
VAR INLG A Tbk CRALIC MACK INES ARE bysCusseD, IN PARTICULAR, 
Tee Veh TABLE SSTAPILITY TYPE ARE DEALT wIThe. ThE CONCLUSION IS 
PRAMS phat Tee SHLLTION BF tre VARISUS PROBLEMS BF HANDLING. 
GLALITIES REGLIREMERTS AND @F CANyReL SYSTEM Of veL@PMENT 
ReclbypeeO phe bse uF GRALNCaaSED SrMULa~TORS aN’ INFLIGHT 
ep’LLateRs aS COMPLEMENTARY 7OALS, (AUTHOR) 


PUPP PCOPEEPEEPESCE CECT COSCO OSCOCOS SSeS ESET TETRA A ) 
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VIC. EeAe AND RKARPER, RePe, URe FIXEDeBASE AND IN*FLIGHT SIMUe 
LATIAN @F LONGITLCINAL ANC LATERAL «DIRECTIONAL HANDLING GUALJo 
TIFS FAR FILBTEC REeENTRY VEHICLES-e CSRNELL AERONAUTICAL LaABe 
SKRATARY REPORT Ae TE-15516-Fels PREPARED FOR THE AIR FORCE 
FLIGHT CYNAMICS LABBRATSRY, AIR FARCE SYSTEMS CBAMMAND, WRIGHT 
FATTFRSOBN AIR FARCE BASE, YHIBs TECHe CACUMENTARY REPORT tasDe 
TOR 61362 's FEBe 19646 


* ABSTRACT * 

THE RESLLTS 8F A RESEARCE INVESTIGATIAN OF LANGITLDOINAL AND 
LATERAL eDIRECTIANAL FLYING QUALITIES FOR THE RE*#ENTRY MISSION 
ARF REPORTED. TRE RESEARCH PRYGRAM UTILIZED PRIMARILY A HIGHe 
FICELITY FIXECeBASE GRALNC SIMULATOR WITH EVALLATIENS MADE BY 
TEFEE PILOTSe ANE BF TRE THREE PILOTS ALSO MACE IN*FLIGHT 
FVALUATIANS AF LONGITUDINAL FLYING QUALITIES JN THE SAME 
VEFICLEs A TRKREE*AXIS VARIABLE STABILITY AIRPLANE FLOWN WITH A 
TwAeAxtS SIDE C8NTROLLER AND CONVENTIONAL RUDDER FeDaLS. 


THE PRSGRAM ReslLTs ARE REPARTED aND DysCUsseD, CONTROL SENSITI 
vITY EVALLATIANS WERE COMPARED TB CENTER STICK RESULTS GF 
FARLIER WORKs TekE LONGITUDINAL FLYING QUALITIES AS EVALUATED 
PATk AN Tre GROLAC SIMULATAR ANC IN FLIGHT ARE COMPARED AND Ree 
LaTeC TO EARLIER INVESTIGATIONS. PILOT RATING VARIABILITY, BOTH 
INTERPILAT ANC JN7RaPrlLet, ake GUaNTIZeD AND CySsClsseD FOR THe 
GRELAC an FLIGHT EXPERIMENTS. PERFORMANCE MEASURES ARE 
RFFARTEL. 


FIL@T COMMENT DATA SUGGESTS THAT PROPRISCEPTIvE CUES BF FLIGHT 
MAY KAT ACCALAT FAR ALL The OIFFERENCES BETWEEN FLIGHT ANDO 
ERALAC SYMULATAR RESULTS, SOME DIFFERENCE MAY Be CUg TO THE 
ACUte AwaRehess Th FLIGHT OF THe STRUCTURAL LIFETATIONS OF THe 
aTRCRarT, AND The CONSEGUENTIAL CHANGE IN CONTROL CHARACTERIS. 


TICS OF Tre PILOT, 


anew WRU VERIO ECSECEC ESOC CCRC CSTE ESET EEE ERS ETT TRA SS 


KIFk,y wege ANC STARK, EeAe REPORT GF THE VISIT TE THE TWA 
TRAINING CENTER KANSAS C]Ty, 6N AUGUST 314 1967* GENERAL PRECI®© 
fy8N, FNC, LINK GRELPASYSTEMS DIVISION, INTERSOFFICE CORRESPEN. 
CENCE, MEMA NBe WukK/EAS €7°2672 SEPTEMBER 7s 19676 


* ABSTFACT «# 
Tee SBVECTIVES GF THe TRIP weRE TO BBTAIN TwAtS OPINIONS BN HOw 
rhe ey Le PReSeNt 3 CF MOTION SYSTEM SIMULATES ACTUAL 
6 


FLYING SITUATIONS, SPECIFICALLY,» 
te WRAT CLES ARE MISSING IN BUR MOTION SYSTEM SIMULATION. 
ze WRAT FALSE CULES ARE PRESENT 


ze Ow REPRESENTATIVE ARE THE POSITIVE CLES 

je WHAT AREAS NEEC IMPROVING IN THE MOTION SYSTEMs 

5 WAT IS The POSSIBILITY @F RUANING TESTS ON TWA 
SIMULATORS AND AIRCRAFT IN BROER TA DETERMINE ACTUAL 
FORCes Felt BY Tre PILOT, 
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KTRKPATRICK, Me. AND BRYEs RGe MAN@MACHINE EVALUATION OF 
MAVINGeRASFE VEFICLE SIMULATI8N MOTIAN CLESe NASA CRe120706, 


19746 


* ABSTRACT * 
TR’ AL Te IRS REPRRT ON A MATION CLE INVESTIGATION CEALING wITH 
KLM AN FACTYR ASPECTS OF KIGH FIDELITY SIMULATION CARRIED BUT Bn 
TR” GE RRAL FLREASt SIMLLATAR AT NASA'S MARSKALL SPACE FLIGHT 
Cev7Oe, FUNTSVILLE, ALABAMA, TRIS SIMULAT8R BAS SIX DEGREES BF 
FROPoRY a~ANO A VERY SOPHISTICATED VISUAL SYSTEMe ThE AIM WAS T6 
\ERy Tre ACCITTONAL GENFRAL DATA AN ABNevISUAL MATION THRESHELDS 
ANT TH ESTABLISF VELAICITY CHANGE RATES FAR SPECIFIC USE IN WASHe 
OLT TeCRENOLEGY ITN TRIS SIMULATOR. WASFSUT BF TRANSLATISN OR 
ATTT TULLE RATES JN SLCR aA SIMULATA@R yNvALVES Ce@NTRADICTORY Cues 
SyNCe, SURTNG wAShOuT, APPROPRIATE VISUAL CUES (ASSSCIATED atte 
A CANSTANT SATE) WHLLO BE AyAILABLE BESIDES ThE MOTION CUES, 
STMC. aCCebeRaATIAN THReESHBLD STLCI ES Have TYPICALLY BEEN CONDUC. 
te’ Unre® vISlaLLy IMPS yERISkES CONDITIONS, ThE AUTHORS UNDER, 
TA% 79 TEST The FYFOThHESIS TRAT ACCELERATION SENSITIVITY WOULD 
me weCLC-C DLAYNG a velHyClhe CANTREL TASK INVOLVING vISUAL 
FeeChaCk, AS CAMPAFFC WITF aA CONDITION WHERE The SUBJECT IS IN 
RaRkse se ~hl MakING NU CONTROL RESPONSES, SUCr A OTFFERENTIAL + 
SeNcrryyrTY eEFFeCy WAULE PrRMyT K]GHER WASH6Ly vELSCITY CHANGE ,. 
RATES CLEING a~Ctlal veHiClhe SIMULATION, THE TESTS weRE CARRIED 
FLT Tx ETTCH, IN Feave ANC IN Sway MODES, ThE SIMULATOR waS 
EERE arM, C TA PRAYVICE VARYING ACCELERATION LeyelLS AND THe MeTHOD 
af Farcee CHArCe, PaSED ON THE TREARY BF SIGNalL CEeTECTABILITY, 
wad UG, 8 78 CeteRMINE TERESHOLYS, 


Ee eH HEHE HHH HHH HEHEHE HEHEHE HEHEHE + 


KLE Ih sy RePe 

*77—70118 (RESEARCK SUMMARY) 1977 

ames Rp SeARCh CeNteR, MOFFeTT FIELD, CALIF, 
eq/ilarpa® TeCRNALAGY F@R ap ReNa~lysCs 


* ABSTRACT * 
tee “BueCtives HF TRIS RTBP ake TH PROVIDE A SCIENTIFIC AND 
re CRN ICAL FaSe AF TNFORMATION Thay CAN Be USED AS aA RESBURCe 7A 
PeVel SP valIC, ReLTABLe aNO CONBMICAL SIMULATORS FOR AERONAUL 
TICal ReSeaRCh, CeveLOPrENT AND CREw TRAINING, SPECIFIC 68. 
eE TTVES ARES 9 LevelgP abDvaNCED KARDWARE AND SOFTWARE CON« 
CpPre FAR Rice ficetrty SIMULATION BF yISTON, MBTIEBN AND AURAL 
ERVIRARMENTS: 7A EVALUATE EXISTING ANC PROTOTYPE SIMULATOR SySe 
tTe’S LSTNG COMPRERENSI Ve PSYCHILAGICAL aND ehh aN Dag ASSESS. 
weNy pe CHNIGLES; ahO 7A OeveLOP taSk ReLateO FIDELITY CRITERIA 


FAR SIPLLATORE paccel AN a De TAILED ANALYSIS 6F KUMAN SPERATEBR 

REGLTReMPNTS ANC ENGINEERING PRINCIPLES, (4) PERCEPTION AND > 
KLMAn BeRFORMANCe STUDIES WILL Be CONTINUED INeHBUSE WITH AN 
EMPRASTS BN CeveLOPING TASK RELATED FIDELITY CRITERIA AND 
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asS@Cyrarel MeyreDs FAR MeaSURING He FyDely7Y SF syMUL,ayORS 
aATSTING SIMELATBRS AND SIMULATOR SUBSYSTEMS WILL Be EVALUATED” 
LTILT2ING BOTe TRACTTIONAL ASSESSMENT weTHADS AND THe New TECH. 
\1Gles CevelBreCl IN (4), &3) PROMISING NeW VISLAL SCENE TECRNO, 
LAGY CevebSPreny wILL 6 ANTINGED INekAUSEy AND (4) CeNTRACTUAL 
Ake TNorALSE STLCIES wrEL Be INITIATED 78 De VeLoP NeW BR IM. 

FR yeC CAMPUTaTIONAL fe igs. AND SAF TWaARE SYSTEMS FOR VISUAL 
SCENE GeNeRATION, MOTION S¥Ste’ LAGIC, aND THe HIGH FIDELITY 
SIMLLATIAN OF aLRal. CUES. 


TWwEPEPERPECECESESCEEEECESE SEEPS C ESET ESET ETE REESE RRR SE SE SF 


KLIER» Se ANC GAGEs he 

rATIAK FaCTORS IN FLIGHT SIMULATIAN, GRUMMAN acROsPaCe CBRF, 
FAR Tre "NAVAL TRAINING DEVICE CENTER', NAVTRADEVCEN TECHNICAL 
REFRART 68°C=CC7e1, DECEMBER 197C 


* ABSTRACT # 
A STLCY waS PeRFARMED TA INvESTIGaATE The EFFECT OF DIFFERENT 
SIMLLATOR MOTIAN CBNCITIONS BN PILAT PERFERMANCEe IT WAS 
INTENCEC TO EXPLARE THE CleyNG FUNCTION OF SIMULATOR MOTION, 
SLPECECTS WERE REGLIREC TE PERFARM A SIMULATED AIReTOeAIR 
GUNKERY TASK UNCER FAUR CONDITIONS OF MATION wreeRe THE 
FREGLENCY COMPAKENTS BF SUCH MOTION INPUTS WAS LIMITED TO Bhz 
(N98 MBTIAN) BeteC H2s On2e5 HZ» 09365 +2 RESPECTIVELY* THESE 
CANCTTIANS weRe HYPOTHESIZED TS INTERACT DIFFERENTLY WITH 
CANCAPITANT VISLAL MATION CurSe RESULTS OF PERFORMANCE 
ACCLRACY (EeGe PERCENT TIMESAN@TARGET) INDICATED A 
TeENCENCY FAR The BRCER BF CaNDITIANS FROM BEST TO WERST TO BE 
ge2e5 h2e ColeO H2s OeseS H24 0 KZe SIMULATAR MOTIE@N PREDUCED 
PeTTCR ACCURACY PERFORMANCE THAN NA MOTION, TheRE WAS A 
SIGNTFICANT LEARNING OR PRACTICE eFFECT AS A ReSucr 8F 
CONTINUED EXFESLRE TS Tre TASK, BTHER FERFO@RMANCeE PARAMETERS 
Sk5weC AA SYSteMATIC DIFFERENCES aS A FUNCTION OF EXPERIMENTAL 
CONCTTION, TreSe VARIABLES MAY hAve BeeN AFFECTED BY NOIS_ 
TN FeSPONSe AF Tee MATION PLATFORM WHICK TENDED TE MITIGATE 
NIFFERENCES AMANG ThE EXPERIMENTAL CONDITIONS, IN GENERAL, 
tke ReSULTS SF THIS STUCY APPEAR 79 CONFIRM INCICATIONS IN 
FReyISUS STUCTES THAT SIMULATGR MOTION KEED NOT BE A FAITHFUL 
Re PROCUC TION BF REALeLIFE MATIUN IN BRCER TE PROVIDE ESSENTIAL 
MATION CUES. IT IS RESerceNtee THAT Tke FINCINGS BE 
INCBRFIRATED IN THE DEVELSPMENT BF FLIGHT MOTION SIMULATORS, 
(ALTRBR) 


Pere PPETEC ISTE TEP ECC CLEC CECE PETTITT FTP eh 


KNFAP, Fehe 

PRAGRAPMING TeCeNIGUES FOR tHe AUTBMATIC MONITORING BF HUMAN 
FERFARMANCE, WRIGRTsPATTERSON AFB, BHI6, AERSSPACE MEDICAL 
RESEARCR LABORATORIES, TR AMRL=TRege-166 

AFRIL 1966¢ 
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* ABSTRACT * 
TLTE ROPPRT CESCRIFES TRE ARGANIZATIONAL AND @PERATIONAL 
meSTER RE A CICITAL C@MFLTER PREGRAM FAR THE AUTOMATIC 
MANTTSSING AF RLUMAN PERFORMAKCE CUSING SIMULATED TRAINING 
MISETERS, TRE CAMFLTER PROGRAM, N&w IN ITS DEVELOPMENTAL 
crAce, [7 DESIGNED TA SERVE THE DUAL AND INTER*DEPENDENT 
eLFerces BF (4) ASSISTING IN TRE ANALYSTS AND CETERMINATION OF 
MEANINGFUL PERF SRMAKCE MEASURES AND PERFORMANCE CRITERIA AND 
(7) USING THESE CRITERIA TO AUTOMATICALLY MBN] TEAR HUMAN 
FeeFeemas Ce, INCLEMING FERFERMANCE EVALUATION (SCARING), 
ADAETIve TASK SEGLENCING, AND TRE AUTSMATIC INITIATION OF 
SIMULATED SYSTeM MALFUNCTIANS FOR TRAINING IN EMERGENCY 
EFRICECURESe A CESCRIPTIEN 7S PRAVIDED BF A CRITERIA FORMAT 
TREAT AICS THE USER GF TrE AUTAMATIC MONTTORING PREGRAM IN 
PeFrpqxG CRITERIA WITrR VARIABLE TOLERANCES FOR CONCEIVABLY 
ANT ap rHePACE TASK BR MISSI8N. SBME PRAVECTIGNS ARE MADE ABOUT | 
FROGRAM TH (A) VARY CRITERIA AS TRE SKILL LEVEL GF A PARTICULAR 
Stlcenr pNCReEaSES, (8) FOLD SELECTED FLIGHT VARIABLES CONSTANT 
T? alla TRE TEACFING OF ISALATEC SKILLS 8N A PROGRESSIVE 
Mats, (C) EFFECT 'AVERLEARNING! 6F SELECTED SKILLS BY 
CPXTRALLING The SUTPLTS TS THe COCKPIT, AND (0) AID IN 
NpTLTG ING SIMLLATTAN PRAGRaMS, a TAPICaAL FLOWeCHART IS 
FReyPl.C FSR pee eEhTIRE ALTAMATIC MANITASRING PROGRAM, 


entnee wREEEESCEVPECESCCCOCES ESSEC OSES SPEER SEES SER ERR ESE E EERE TS 


KACT, Ce = AMUSEMENT ANC TARGET PRACTICING DeviCe 


PATENT APFLICATIBN #276612954 
Fries otLY 14, 1953 GRANTED CEC* 8, 1953 


NP AVE TRACT 
POR RPUPRURE RE RECEP MERE SRE RES E SP SOCRREE ERASER ARSE SEL ERASE EES AL EEE Pe 


KAR VE «MANS @ Wee AND YAN EN, Ceue 

Cetpen av PeRFARMANCE BF THe FALRDEGReEES.OF FREEDBM MOTION 
Vey WF tHe NRL SEARCE FLIGRr SIMULATOR, NATIONAL AEROSPACE 
LADARATASY, The RETEC RL ANCS NLR MP 759038 1975 


# ABSTRACT # 
THIS FaheR OeSCRIBGES THe M9718 SYSTEM AF THe ALR RESEARCH 
FLIGhy GyMLLATAR with FRE EDAM JF MATION IN HEAVEs ROLL, PITCH, 
atl Yaa, 78 Glye GABC MOTIAN Cles, SMBATH BPERATION WITHOUT 
ANY GeRKE TS FeGlykeO, TO THIS END SPECIFIC KYORAULIC JACKS 
FAVE Hees Ce veleP_el IN wWRICH STICKSSLIP PHENOMENA ARE 
FLIP i Nagel BY TNTRALCLCTING HYDRASTATIC BEARING BeThweEN THE 
MevVInG ETSTON waht FEC ANC THe Fiy_eD CYLINDER, RESULTING IN AN 
ACCEI E+ ATION TherSRBLO LEVEL BELOW C3ogy Ge A MATHEMATICAL 
MAPeL kas Peed PREPARED 76 SIMULATE AND STUDY THE BEHAVIOR OF “ 
re By abu ye eaCKS, pavers AR GIVEN 6F i i 6N ) 
CPhEi, eaCkS a~hS pee COMPLETE SYSTEM, CAMPRISING ACCELERATIBN 
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AATSe at THReskelC Level, DYNAMIC RESPANSE aNl PERF uRManCe 
NIAGRAMS» 


PeCalse AF Tre ReGlrReO BIL PRESSURE FER THe HYOR6sTaTIC 
PeaRING, SPeECrlaAL PROCEOLRES Have 7A a FOLLOWED TA START aNO 
cT§p pee BFERATION OF Tre SySTEM. A UESCRIPTION IS GlvEN OF 
TKE PRINCIPLES SF tHe SaFeTY SYSTEM APPLIED, 


TOwEPVETESCTECSESSEO RECS ELST ERE PSE REE EEE ERE ERR RRR ERAS SEAR 


KBANCE, YJeMe EFFECTS OF GROUNC*BASED alRCRAFy SIMULATOR MUTION 
CBXCITIGNS UFAN PRECICTION BF PILOT PRAFICIENCYs AVIATION REeo 
SE ARCE LaBGRATORY, ENS TITY IE BF ayIATION, UNIveRSITY OF ILLIL 
NO81S, SayOY, FAR the AIR FORCE OFFICE PF SCIENTIFIC RESEARCH, 
FEPARST NBe ARLa7ye 5 sAFASR@74=3% APRIL 49740 


* ABSTRACT *# 
THRee GRALFS BF THIRTY FILUTS WITH MULT eENGINE AND [NSTRUMENY 
RATINGS ge hdl A SIMUL aTeD FLIGHT MySSJON JN A GeNeRal 
AVIATION TRAINER eo (GATeg) BN EACH BF TWO DAYS, THe 
EXPeRyMENTAL CBHADITIONS FAR THE GRAUPS DIFFEREO IN TERMS OF 
GaTeo MATION (GRALP 4 = NO MATIBN), (GRAUP IIe © SUSTAINED 
LiNeaR, SCaLEC.COWs ANALOG MOTION), (GROUP IIT » WASHBUT 
METIAN), EACk GROUP OF PILETS TheN Flew THe SAME MISSION IN A 
Lrekr ThINeeNGIhe AIRCRAFT REPrESeNTATI ve AF he CLASS OF 
AIRCRAFT SIMULareC BY Tre GaTe2. THE EXPERIMENTAL DESIGN WAS A 
TWh FaCyAR MyxeC OpstGN (GReUPS EY DaYs) With RePeateD MeaSuRes 
PR ANE FaCTAR (GREUPS).« 


The ™1SS]8N consisteo BF Five MANeUyERS REPRESENTATIVE OF 

Th Se LSUALLY PeRFERMED UNDE ces Ta LIGhT RULES (IFR) 
WITRALY ,ISUAL ReFere Ce TO THe B8UTSIDe WORLD AND Five 
MaANeLycRS USLALLY Pe FéRKED WITh QUy7SIG¢ yISUAL CONTACT UNDER 
vista FLIGHT RLLES (VFR). IN The SIMULATOR, ALL OF THE 
MANeLYERS WERE FERFORMEC WITHOUT BUTSIDe yISUAL REFERENCE, 


THA TRAINES BeseRyeRS, BNE BF WROBM WAS ALSO THe SAFETY PILOT 
FER the MISSION, RECAROGD PILOT PERFORMANCE ON EACH MISSION 
IN A SPECIALLY CeSIGNED BB8OKLET. THE BRODER BF ASSIGNMENT OF 
SESER VERS TO THE MISSIONS PERMITTED nese OF A PILOT'S 
ARMANCE ON A SINGLE MISSION BY TW [NDRPENCE NT BORG RVERS 


PcR 

AKC ALS6 T E ReCORDING OF THe PILOTS PERFO wee N 
SLCCESSIve MISSIONS BY Tee SAME 8BSERVER AND TWO INDEPENDENT 
CASERVERS. 


Tee FeSULTS INDICATED ThAT THe PROFICIENCY OF AIRCRAFT PILOTS 
CaN Be PRECICTEC TO A HIGH DEGREE FROM GRAUND.BASED SIMULATOR 
FeRFARMANCE MEASURES, O6F THE THREE SIMULATOR MOTION CONDITIONS 
LSFC GReaTER FREDICTION OF BPERATOR PERFORMANCE FROM A 
Si’lLrarerR Th FLIGhy CaN 3 OBTAINED USING SUSTAINED COCKPIT 
MOTION THAN BY USING WASHBUT HOT TN BR N@ MOTIONe THERE WAS NO 
SIGNIFICANT CIFFERENCE BeTWeeN The PREDICTIVE VALIDITIES OF 
FePFORMANCE wITr NO MOTION AND WASHAUT MOTIBN, 
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TRE SXPESTIMENT CEMANSTRATED THAT VERY KIGH BBSERVER*6BSERVER 
UpLIARILITIES (Ree771 T8 0971) SN THE SAME MISSION CAN BE 
AQTATACS BY RECARCIAG PERFARMANCF AN SCALES THAT ARE WELL 
PeFIAG a~NC EASY TA FOLLOW, DESCRIPTIVE OF Tre MANEUVER AND. 

mp hAVT te BEING REC@RDEDs, AND NOT THA DEMANDING UPON TRE PERSBN 
PATAG Tee RECARCING BF FERFARMANCEe THE PERFERMANCE MEASURES 
TASEN IN TRE SIMULATOR TENDED TS BE MORE RELIABLE THAN THOSE 
TAKER [LN TRE ATRCRAFT BECAUSE OF THE ELIMINATION BF DEGRADING 
ENVIRANMENTAL FACTORS ANC THe REDUCTION BF SAFETY BRIENTED 
SUTTeS FREGUENTLY IMPOSED UPAN SAFETY BBSERVERSe 


sy"LLaTeR “MSTISN TENDS TA INCREASE SUBLECT ACCEPTABILITY OF THe 
SeViCe, LeneER PerFarManCe ERRARS sCaREs, AND REDUCE THE WERK. 
Leal Sh TRE SLECECTS AND ABSERVERS THRAUGH THe AICING EFFECTS 
QF Tk: MATION ANSET CLES. BUT Tee DIFFERENTraL EFFECTS OF 
MaTTAN 8h TWA FERFARMANCE TRIALS IN THe SIMULATOR DG NOT 
TRANGFER TA FeRFARMANCE [N FLIGHT, IN THE pred jC 7 10N 8F 
neeRaqaR PeRFARMAKCE IN FLIGHT, The MAGNITUDE BF THe ERROR 
SCARS Re SULTING wITh Tee Use YF B\E MOTION SYSTEM AS SPPOSED 
tT) ahAthyR TS NAy n€ IMPORTANT AS THE STABILITY OF THE SUBVECTS 
Er Fen aNces FRav eX DAY Te The NEXTe INCREASING THE 

Fiteuyry 6F The SJMLLATBR MATION SYSTEM MAY'BRING MUCH 6F The 
VaFTABILITY BF FLIGHT INTA THE STMULARED ENVIRONMENT WHICH WAS 
Lerl 7A ¢SCAFe Tree VARIABILITY BF THE ERATIANAL ENVIRONMENT, 











tee &eCesCeD FILA, FERFERMANCE “eaSURES SERReELATED yERY HIGHLY 
wT TR phe BASERVeRSt Sve Rall SUL vECTIVE RARINGS OF ard MISSI6NS 
(Fae7z5 TO e878)e ThE S8eSERvERS! SyERALL R 

CLtekrLy FIGkER with PERE ORMANCE 6h INSTRUMBNT FLIGHT MANEUVERS 
TRAN wTTe PERFARMARCE ON vISUAL FLIGHT MANEUVERS, OTHER 
PSSSTELe iNDicy S AF PILOT PRAFICyENCY, SUCH \S The AMGUNT OF 
MULT Te RGINE Lake, INSTRUMENT SR TOTAL FLIGHT YIMeE LOGGED IN 
tee Pasy SIx MANTRS, CIC N87 CORRE ATE VERY Welk WITH MISSION 
FeRFARMaNCe SCARS, IN FaCr, TheY CARReLaTeD aBOUT aS WELL aS 
ACF, 


‘Terre rrr re eee Pe eP PPPOE PREPS ERE ET ESE RE RRAR ERR LAL ESE RARE SEL ARLE EES TD 


KPIN, Ge MATIAN SIMULATISN ENRANCEMENTS THe DEV LOPMENy BF A 
Ree pARCh GeSEAT SYSTEM, pRACEECINGS oF THE SY xT kre ~TNOUSTRY 
| CORPERE NCE, NAVTRAFGUIPCEN TRepee, NOVEMBER 43°145% 49730 


# ABSTRACT * 
THIS REPORT CANyaINS SBSERVaTIONS CF Tre ASUPT ReSeaRCH GeSeatT 
EeME RM anCe WeTCh ake AF a PRELIMINARY NATURE, The DOCUMENT Ys 
a GAOL BeFERENCE TH ThE CONCEPT BF USING GeSeaT MECRANISMS FOR 
FROriC NG the TYPe BF StyMULy ReCeGNIZ—¢C0 BY The SENSE BF TBUCH 
eR ePaly Feels chaPriC SeNSBRY SYSTEM), THe HAPTIC SYSTEM 
Meh Tares Tee FACY Feel BF MOTISN AND THROUGH STIMULATION OF. 
TRIS cVere™ RY MeanS BF COMPUTERSCONTRELLED CUSHION MOVEMENT, 
SL°raph_en aACCeLeR ATION Cues MAY Re pRB0UCED, 
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KRPR, Gege "ADVANCED SIMULATION IN UNDERGRADUATE PILOT TRAINS 
ING$ GeSEAT CEVELOPMENT's SINGER SIMULATION PRODUCTS CIVISTON 
FAS ThE aIR FARCE KUMAN RESQURCES LaBeRATBRY. REPORT NBeo ASUP Te 
61 PCTARER 1975, AD AC17=468e 


* ABSTRACT * 
KINESTHETIC (SENSATION BF MATION) CUES IN AIRCRAFT PILOT 
TRAINING SIMULATARS ARE GENERATED BY MHTIBN BaSE SYSTEMS THaT 
STIMULATE THE VESTIBULAR AND SOMayIC, 8R + BEDY FEEL! SENSORY 
CYSTEMSe THE NATURE OF THE SOMATIC SYSTEM SUGGESTS THAT IT MAY 
ALSA BE PBSSIBLE TA STIMLLATE TRIS SYSTEM DIRECTLY BY EMPLOYING 
A SEAT WHOSE SHAPE VARIES aS A FUNCTIGN OF COMPUTED aIRCRaF 7 
ACCELERATIONS. A RESEARCH FACILITY GeSFAT HAS BEEN DEVELOPED 
78 {NveSTIGATe THIS MeTROO BF STIMULAT{SN USING A SiMe eTEY 
Te37g AIRCRAFT COCKPIT. CpyeLOPMeENy PhaSe FINCINGS GeRMaANe 76 
the PREELE™ OF CeyeLOPING a SYSTEM SUITABLE FOR SOMaTIC SYSTEM 
STIMULUS PROCLCyON AS Sere AS PReLyMynaRY OBSERVATIONS 
CANCERNING The aByLyTY OF THIS SYSTEM pe yNOUCE KINESTHETIC 
Se\¢aTIOss ARE pPReSeENTEC, 


HEHEHE EHHHHHHHHHEHEHHHHEHEH HERE HHH 


KRAN, Gege ACVANCED SIMLLATISN IN UNDERGRADUATE PILBT TRAINING 
ING: MOTIBN SYSTEM DEVELSPMENT. SINGER SIMULATI@N PRODUCTS Die 
VISTAN, BINGHAMTBN FOR Tre alR FARCE HumaN ResBURCES LABORATE. 
Rye REPART NOe ASUPT#79y4 SBCTAKER 1975, AD NGe AO17 467 


* ABSTRACT *# 
tke PRADUCTION OF KINeSteeTIC INFORMATION PERTINENT 78 The 
AISCRAFT FILOTING TASK BY US SF MATION BASE DevICeS RELIES ON 
MAThe MATICAL MOCELS WHICH ARe OgyeL OPEC IN A LARGELY EMPIRICAL 
MANNER ANC EVALLATED IN A SUBJECTIVE MANNER, THE ASUPT 
SIMULATOR CONTAINS A MOTION MATH MODEL WHICH JS CEeyeLOPED IN 
ANALYTICAL FASHION AND FeRMITS BROAD LatITUDE FOR EXPERIMENTER 
INPLT TO ALTER BR DEGRACE THe RESULTANT MOTION INFORMATIGN. 
THIS PERMITS RESEARCH TRAT IS USEFUL IN ESTABLISHING A 
ReLary;SNSFIP BeThEEN THe AMBUNT AND SCAPE BF MOTIBN INFORMATION 
ANC TRAINING yALUE, THe MBTION rel eMPLO8ye0 IN A 60 INCH 
CLT XeCEGREEROFAFREEDSM SYNERGISTIC SYSTew. IT IS ORIVEN IN 
TRANSLATION BY a MEDEL WEICH PERMITS PaSSaGe BF ACCELERATION 
ANSeT INFORMATION FOLLAhED BY CONTROLLED VELOCITY AND POSITION 


WASFBUT. 


ROTATIONAL INFORMATION 1S CANTROALLED BY DIGITALLY IMPLEMENTED 
Cle SkApeRS ANC SLSTAINEC TRANSLATION ACCELERATION SIMULATION 
IS MACE AVAILABLE BY SUELIMINALLY TILTING THe MOTION SYSTEM 
PLATFARM TB CAUSE A PRALECTIAN 8F THE GRAVITY ‘eae YO be 
ALTGNeC WITH The SUSTAINED FORCE, THIS REPORT CISCUSSES THE 
IMPLEMENTATION 6F THESE CONCEPTS, AND FARMS A FAUNDATION FOR 
UNC eRSTANCING Tre ASUPT MOTION SYSTEM COMPUTER PROGRAMS, 
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KEAN» Gecee YOLAGs L ANC ALBERY» We HIGH G SIMULATION # THE 
TACTICAL AIRCRAFT SIMULATOR PROBLEM. PROCEEDINGS SBF THE 1977 
ATEC/ZINELSTRY CONFERENCEs TECH REPORT? NAVTRAEGUIPCEN IHe294, 
NAVe 15°17 19776 


* ABSTRACT * 
TRE FLATFORM MGTIAN SYSTEM HAS BEEN THe PRINCIPAL MOTISN AND 
FA’C: SIMLLATIAN CEVICE IN THE FAST ANC S8VER ThE LAST FIVE 
YEARS TeF GeSEAT, GeSLIT» AND SEAT SHAKER SYSTEMS HAVE BECOME A 
FaRy 9F SEVERAL AF TRE AIR FORCE'S SIMULATORS. THIS PAPER 
FRESFERTS THE BACKGROUND BEHIND TkE DEVELOPMENT 6F THESE DEVICES 
aK™ « MYSCLSSTBN BF CURRENT ANC FUTURE NONwVISULAL SYSTEM 
meTinx avC FARCE CEVELSFMENTSe THE CHALLENGE 6F PREVIOING HIGH 
ACCELERATION CleS FOR ThE TACTICAL AIRCRAFT SIMULATOR PILOT IS 
FRFSENXTED EY FIRST, LOGKING AT Tre NEED FOR HIGH G SIMULATION 
AND SeCBHAC LOBKING AT THE CURRENT Le VEL@PMENT 6F AN ADVANCED 
CeCLEING SYSTEM, KIGH G AUGMENTATION DevICES, AND BIBNIC MEANS 
FAR CONTRELLING SIMULATSR VISUAL DISPLAYSe 


wErrerererEREEECECEPTECCESC CEOS OCC ELE ST EEE ESE SERS EERE 


KLERNEL, FeAse INeFLIGHT MEASUREMENT OF THE TIME REQUIRED FOR a 

eyLAr 1r§ ReSPAKC 7B AN AYRCRAFT CISTURBANCE, tNATIGNAL AERENAUY % 
TICS abO SPACE aCMINISTRATION TECH, NOqEt Deaay, LANGLEY FIeLO, » 
VAs 2 NAVe 19596 


* ABSTRACT * 

MEASUREMENTS 6F ThE TIME ReguiMec BY Tke HUMAN PILET TSE DETECT 
AND INITIATE A CORRECTION FAR AN AIRPLake DISTURBANCE HAve BEEN 
Male ph FLIGR7, qke PILOT'S TASK WaS 76 CORRECT FAR AN APPLIED 
LateR al AR LONGI TLO NAL alRplare DistURRANCE aS RapyOlLy ~S pes, 
Stale, rhe T1Me LApSe FROM tHe START GF A DISTURBANCE TO THE 
Sy AR y 9F aA PILAT CORRECTION was MEASURED F@R TrREE PILOTS Pe = 
FREMING g T8Tal AF 6, CaTA RUNS, 


the ReSLL 7S BF yrIS ee AEA LS TNOICaTe THAT The AvERAGE 

Eyl ages REACTION Tite FOR MaDERATE 78 LaRGe LatTeRAL AIRPLANE 
MySyplkuanCeS 1S ¢,23 SECBND AND THAT The AVERAGE REACTION TIME 
Feh MateRate LANGTTLOTNaL ayRPLahe DISTURBANCES IS 0,33 SECAND, 


Tee FR, SpNt Cata SHOULL Be CONSIDERED aS MINIMLM PILOT REACTION ‘ 
TIMES URTAINEC with AN ExTReMELY atreNrive PILOT WHICH MaY NOT 
NeCeSsaRTLY Be the CASE IN aN SPERATIONAL SITUATIAN, 


PwUuPP TOP TCERECEEOUECCEECECE SIC C ORES CCE EEE ERT ASE ESAS ER 
KLFRENEL 


FeAe 
rhLM ah BrL8r1s CYNaMIC RESPONSE ChARACTERISTICS MEASURED IN 
FLIGk, atl ON g NENMSVING SyMULATORy 
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NASA TN Del229, MAR 1962s 
AD"273 46C 


* ABSTRACT * 
AN IKVESTIGATIGN FAS BEEN MADE IN FLIGeT AND 6N A NONMBVING 
SIMLLATAR TS CETERMINE THE DYNAMIC eRESPANSE CHARACTERISTICS OF 
FKLMAN PILOTS CANTRALLING THe LONGyTUDINal RESPONSE SF AN : 
ATRELANE SLBYECT TA RANDOMsAPPEARING DISTURBANCES, THE NONW 
MAaVIAG sy*LLatAR eMPLBYED THe CBCKPyT a~ND CONTROL SYSTEM BF THe 
TES? arRebaNe IN BRDER TO PROVICE ENVIRANMENT AND CONTROL FORCE 
ChaRaCreRISTICS SIMILAP 78 tek EXISTING IN FLIGHT, THe 
FrLArsS+ yISUAL STIMULI heRe SUPFLIED BY A PITCReATTI TUDE -ERRER 
INP TCaTpeR ANC Tre haTURaL HORIZON IN FLIGHT, FOUR FARMS OF yHe 
KEL OysTURBatCe we FLyGHT C@ND ANS CORRESPONDING 70 
Ai ren, donamre FacSoURES aro. AND 311 (PRUNDS PER SGUARE Foey 
aehe INveSTIGatel, THE SAMe INPLy SPECTRA AND SIMULATED 
FLIGhy CANCI TIONS WERE [NvESTIGATED DURING THE NONMSVING~ 
SyMLLaTOR INvesTiGaTION, IN abCit16N, a LIM TED NUMBER OF 
FLIGkT TeSTS keRe MADE AT A THIRC FLIGRy CBND TION 
CARRE SPANCING 78 g DYNAMIC PRESSURE BF pa5 PAUNDS PER SQUARE 
FART. 


CATA ARE PRESENTED IN Tre FARM BF THe PILETS1 FREQUENCY 
Reseance a~ND THe POWER SPECTRAL DeNsity OF ERROR AND PILOT 
ALTPLy, _ Sohe PReLIPINARY MayHEMATICAL FXPRESSISNS HAVE BEEN 
FITTEC TA TRE ExPeERIMENTAL DATA, 


tke ReSULTS SF TRIS INVESTIGATION INDICATE THAT THE 
ChaARACTeR 8F the PILOT'S FREGUENCY RESPONSE IS INFLUENCED By 
hE TYPe OF _INPL] DISTURBANCE, BY THE rYPE OF VISUAL ERROR 
tSelLay, ANDO 18 A LeS FR XTENT BY The FLIGHT CONDITIONS OR 
CYNaMrcs BF Tre CONTROLLED cleMENT, AT LEAST FOR THe 
Re LATIveLY NARRAW RANGE EF CONTROLE Dec LEMENT DYNAMICS COveERED, 
LIYTLe CIFFERENCE BETMEEN THe RESPONSE CHARACTERISTICS OF 
CIFFERENT PILOTS BR OF Tre SAME PILOTS AN OIFFERENT BCCASIONS 
FAVE BegeX NOTED FAR THE SAME TASK, BUT THE SAME PILOT WAS 
BASE Rye 13 8FeRaATE IN A SIGNIFICANTLY CIFFERENT MANNER IN 
FLIGky aN ON The KANMBVING SIMULATSR, A BRIEF INVESTIGATION 
wAS wale TS DeTEeRwINE The AIRPLANE eRESPONSE CUANTITY 6F MEST 
IMPBRTAN ) Tre PILOT IN A TRACKING TASK WITH A PITCHe 
ATTITL NER ROR I ota bp! The R Suits TROICATE THAT THe 
FYLAT,S CONTROL RekayISR 1S DEPENDENT PRIMARILY ON THe PITCH 
ReSFANSe OF The ATRPL ANE AND IS NAT INFLUENCED BY The NORMAL. 
ACCEL ERAT IAN RESPONSE, 


Per errrrrrerrvrrrerrvrreririrrree erie rei rt tri i rere ete SSS 
KURKA WSK], Rele ETe Ale 


CeVELBPMEAT 8F JURELLENCE AND wIND SHEAR MODELS FBR SIMULATOR 
APFLICATTGON, NASA SP#27C2 MAY 4=651971.6 
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* ABSTRACT * 
ATVESFRERTIC TURPLLENCE ANC WINl SHEARS CONTRIBUTE TA PILOTING 
PEARL EMS AND MAY LIMIT SAFE BPERATIA™ HF AIRCRAFT. 
INVESTIGATIONS &F RANCLING aNO CONTSSL PRABLEMS IN ROUGH AIR 
NP WINC SFEAR CAN BE ACCOMPLISRKED VERY EFFECTIVELY ON PILOT 
CyMLLATARS BLT THIS REGLIRES GABC MeCELS BF TRE ATMASPHERIC 
NYISTURVANCES« 


TRE PLE PIS OF THIS FAPER IS TH PRESENT INFORMATION ON SOME 
CANTINUING STLOIES AIMEC AT PROCUCING REALISTIC MODELS OF 
TLRPLLENCE ANC WIND SHEARS FAR FANDLING QUALITIES STUDIES, 
TEE Sp STLCIES INCLUDE AN EVALUATION 8F ANALYTICAL MSDELS OF 
TURRBLLC NCE WeyCr RAVE NBNeGAUSSIAN GUST DISTRIEUTIBNS, A 
STATISTICAL ANALYSIS OF WIND SREAR, AND A BRIEF EVALUATION @6F 
Thr EFFECTS 8F WIND SKEAR 8N AIRCRAFT BPERATIANSe 


Teer rr rere ee eee eee eee eee Cae eee eee eee ee eee eee eee eee ee 2 er | 


LaCKNe®, woe AND Ae GRaYBIplL, SOME INFLUENCES BF 7AUCH aND 
eEReSSuRe CucS 88 RUMAN SPATIAL SRIFNTATION, AyIAT. SpACE ENVIRe 
AKe MECe® 45(6)3798"8C4% 1978¢ 


* ABSTRACT «* 
CLR yt Gg CANSTANT veLOCITY RGraTrION apBly HIS RECUMBENT Z AXIS, A 
ALINOF SLM ED Slt FeplLs as IF Ke weRe @N AN SBRBITAL PATH JN 
THE Sate CIRECTION, THIS FXPERTENCED MOTION RESULTS FROM THe 
Fatrc RS 9F TOLCr ght P Sail STIMULaTyAN OF Te BOCY SURFACE, 
TF the SLBwECT CkKANGES The PRESSLReE PATTERN SN HIS BeDY BY 
PRSCTNG MIPSELE IN the ROpATING APPARATUS IN DIFFERENT WAYS, Ir 
1s Fegsrpbe BR kyM 76 NFLUENCe PROEFBUNOLY AND SYSTEMATICALLY 
RIS apPaReST SRIENTATION, FER EXAMPle, PRESSURE 8N THE TOP OF 
KIS Seal WeILe be 1S ROta~TING CAN Mak THe SUBweCcT Feel He IS 
Lee pr, CAwN BN a CYLINOR{CaL PATRK, THe CHANGES IN APPARENT 
SNGEING POSTURE FLICTTEC BY OFFFERENT PaTTERNS OF cane f CUES 
aPe veRY SIMILAR FOR gee ela SUpUECTS AN ARE CONSTANT FOR THe 
tke Sats SlLALeECT 6veR TIME. DURING EXPERIENCEL BRB TAL MOTION, 
a SLEL Cy sTLC reaR a CANTINUBYSLY EMT yrING SAUND S@URCE -ONe 
qhar 1s STATION, y J Tre EXTERNAL ENYTRONMENT WAS CIRCLING HIS 
Real yl. wee CoeeCyON SFPBSi TE Thar BF KIS TRUE ROTATION, JF 
the FAyaATING sub CECT IS PeRMi tte UNResrRiCreD SIGHy BF HIS SUR. 
FALROINGS, He NeTTeeR exPerrenres ARBiraL MOBryEN NBR MIS, 
LaCalsZpe SFUNCS, THESE BBSERVATIONS PRAVIDE INSIGHT INTO THe 
SFartal SR teNrayron MeCFaANISMS TRatT NORMALLY ,~LLOW aN 8RGaNISM 
tT? CrepysGLISk aCCURATELY BerweeN THOSe CHANGES IN ACTIVITY ay 
12 AeEgPTURS CORTINGENT ON GTS Ohh MRVEMENTS, AND THOSE Eb 
SLLT TAG FREM MeveMeERT WITFIN THE EXVIRANMENT, THEY abLs® PRev1De 
a *aY SF LNDERS7ANCING SOME OF TKE POSTURAL JLLUSTONS EXPERT. 
EXCER CURING EXPOSURE TE LNUSUAL FORCE ENVIRSNMENTS, INCLUDING 
FRFE F4LLe 


Twa e eo PRRER ECE PS ECP ER ERS SEER Cee 2 SD 
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LAMONT, GeNe ANNOTATED BIBLI@GRAPHY BF FLIGHy SIMULATORS, 
RR eREE NS. 68 CIRECTIRATE FF BIOSCIENCES RESEARCH, HUMAN ReSBUR, 
CeS SeSeaRCH SECTISN, STTAWA, CANADA’ 19604 REF B V6g"1524 


* ABSTRACT * 
reYS BYBLySGRa~aPrY IS aA tl HF MAGE ASSEE TED FePORys, ART]CLes, 
ANE AaheR MateR yal ReFeRRING 73 FLIGHT SI ULaySRS, I7 IS 
LTKeLyY 7O Ge OF USE T8 SERVICE FERSANNEL WHO KRAVE SOME 
ReSESNSyRILTTY JN CONNECTION WITF THe aCCUISITISN, EVALUATIBN, 
ake LSe SF theSe CeyiCes FSk phe TRAINING OF AIRCRaF 7 PILOTS 
ant cus SIF LLATERS USED FAR aa PURPSSES, Such AS 


ReSeaR kK yX\78 P eae 6F AL RCR AF + ESIGN 8R the TRaAINING OF 
TAC TyyOl al CRew MEMBERS GTHER TRAN THe PILOT, ARE NOT REFERRED 
TA FEFES 


& CALL ECTING “S FER Th BLIOGRAPKY, THe COMPILER SeARCHeD 
Le LITERATURE OF PgYCHeLSby. ECUC ATION AND FRAINING.S BUS NeTe 
BF eEXGIhepRING, CRY SE TCs EMPYASIS IS ON Tre SIMULATOR aS a 
TRATNING CeviCe ah’ Tre ReFeRENCES DEAL B8NLY wyTH Tre UTILITY 
AF phe syhULatSR YN CONTRIPUTING TO EFFECTIVE TRAINING, NOT 
a[Tr ITs MAINTAINARILITY NER TTS C8ST, NER ANY OTHER ASPECT OF 
1TS cFFeCTIVEeNeSS PURELY AS a PieGe af eLeECTROMECRANICAL 
EGLIFMENTe 


TrEPSECPUCCTCECEESCSCCOCSCCO OSS EPEC ER REESE ERT RC ESET APPS PP PASE SD 


Lab, C.GeYe, FAARLB Veer JENKINS, Hotes Balohy Rewes AND 
LA oGeveo @N IA E S eo BDALBR, r) 
Yee, Ric. Orn AR MaDeL Far VISUAL ~veS7 feULaR INTERACTION, 
AyTAT, SPACE ENVIRON» MEDe 49(7)388078R5" 1978¢ 


* ABSTRACT * 
The ReSLLTS 9F toll abs ATS ARe EVALUATED IN TERMS GF A SIMPLE 
MSCeEL FOR THe IKTERACTION OF EYE MOyEMEAT RESPONSES TO SIMULTA. 
Ne ALS BeyS«kINeTIC AND vESTIQULAR STIMULI, THE MODEL PREDICTIGNS 
AGFee wITh The RESULTS BF THESE ExPERIMENTS AND EXPLAIN MANY 
CLINICAL BESERVATIONS CONCERNING The EFFECT 8F VISION BN NYSTAGe 
MLS, Tee MODEL ACCPUNTS FBR THE DOMINANCE GF The yISUAL SYSTEMtS 
ReSeANSe OvER Tre VESTIBULAR SYSTEMIS RESPENSE AT LOW FREQUEN. 
CIES, IT ALSS ACCBLATS FOR Tee INABILITY OF PATIENTS WITH DE} 
CReASeC shMO8Th PLASLIT SYSTEM RESPONSE TO SUPPRESS THE VESTI+ 
PLLASACLLAR ReEFLEx CURING SIMULTANEOUS BPTOKINETIC AND VESTIBU. 
LAR SrIMLLATIOAS, The MBCEL PROVIDES USEFUL INFORMATION FOR THE 
DeSIGn OF CAMEINEC BFTAKINETIC AND VESTIBULAR STIMULI TE TEST 
VESTIBLLOeSCLLAR REFLEXES. 


PPERPETVETPTECLCCECCCOCACLOCC OSCE CCR CEES AES EEE ESET AS ETP ARS 
LEATRERKABD, ¥.C., CEMPSEYs TeK%e AND CLEVENSO8N, SoA, AN EXPERI @ 
MENTAL STUCY FAR CeTERMINING HUMAN DISCOMFORT RESPONSE TS ROLL 
VIPRATIAN, NASA LANGLEY RESEARCh CENTER, HAMPTON, VIRGINIA, 
NASA TN D@Ba66% NOVEMBER 19760 
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# ABSTRACT «# 
AN FXERETMENTAL STUCY USING THE LANGLEY PASSENGER RIDE GUALITY 
AFFASATLS (PRGA) wAS CAXDUCTFD TO CETERMINE THE SUBUECTIVE 
REACTISNGS AF FASSENGERS TA RALL VIRRATIANSe TRE DATA OBTAINED 
TLLLS RATE THE EFFECT UFUN HUMAN CSMFORT BF SEVERAL RELL} 
VITRATIAN FARAMETERS!? NAMELY, SBLLACCELERATION LEVEL, ROLL 
FREGLENCYs ANC SFAT LECATIAN (le Eos DISTANCE FROM AXIS OF 
GATATISN)e RESLLTS BF AN ANALYSIS OF VARIANCE INCICATED THAT 
SEAT LACATIGN FAC NA EFFECT BN DISCAMFESRT RATINGS BF RBLL 
VIPRATIANSe TRE EFFECT OF ROLL=ACCELERATIEN LEVEL WAS 
SYGATE ICANT, ANC CISCSMFART RATINGS INCREASED MARKEDLY WITH 
ThCREASING ROBLLeACCELERATIGN LEVEL AT ALL ROLL FREQUENCIES 
TAVESTIGATED, GF FARTICLLAR INTEREST IS THE FACT TRAT TRE 
ReLatpeNskIP Between CISCOMFART RaTINGS AND ROLL aCCELERATION 
LEVEL + AS LINEAR JM NATLREe THE EFFECT 8F ROLL FREGUENCY ALS6 
wAS STUNTFICANT AS WAS TFE JTNTERACTIGN RETWEEN RELL @ACCELERA} 
TION Lr vel ANC SALL FREGLENCYe THUS, TRE PREDICTION OF 
RLSCNYFART RESPANSE: TH ROLL VIFRATIAN REGUIRES KNSwLEDGE OF 
PHTR RoLLeACCELERATIGN LEVEL AND RALL FREGUENCYe 9THER 
INT; &aCTrOsS BF The ROLL PARAMETERS WERE NOT SIGNIFICANT. 


WS MEH HEHEHE EHH EHH HEHEHE RRR Ee 


LEVIS@N» Webe AND GLUNKERs AeMe A MODEL FOR THE PILOT'S USE GF 
MATION CLES IN ROLL eAXIS TRACKING TASKS 

ac ScesCe MeCyCal FeSeaRCh LABSRATARY, a~cROSPaCe MeOrCal Olyl. 
ST N, al® FARCE SYSTEMS COMMANE, WRIGHT.PATTERSON AIR FORCE BAS} 
abT® 454393 JUNE 1977 REPSRT AMRL@TRe77@40 


* ABSTRACT * 
AN ¢ XF-RIMENTAL AND ANALYTICAL STUDY WAS UNDERTAKEN JOINTLY By 
The ape OsSFaCe MEDICAL Re Se aRCr LARARATARY AND BOLT BeERANEK AND 
Ne shan TSC, 16 TEST A MBCEL FOR THe PILATIS Use SF MBTIBN CiEs 
Ty SOLE SAKIS TRACKING TASKS, SIMULATED TARGET-FELLEWING AND 
Nye ERE ANCe Re GLLATIONS. TASKS MERE EXPLORES with SUBYECTS USING 
vVISLALSSALY ako core iNee visUal aNd M@7y8K CUeS, The EFFECTS OF 
“Arp9n Cues SN ask re FERM,KCE a~ND PyLArT RESPONSE BeHay [OR WeRe 
APFR-CraPle CYFFEReRT FOR tHe ThE TASK CONFIGURATIONS AND W Re 
COVEtere Ne WE ye Bata REPORT 6 IK gARLI¢R STUDIES FAR SIMILAR 
TASK CakF IGURaTIANS, Tre iBPTIMAL CONGROLt MeaDeEL FER PILET/VEw 
FiChe SYSTEMS PRAVICED A TASKeINDEPENDENT FRAMEWORK FOR ACCAUNTH 
T\G FAR gee PyLear+1S USe BF MOTIGN CUES, SPECIFICALLY, THE 
AVATLA2TLITY AF MATION CLES wWaS MBOeLED BY ALGMENTING The SET OF 
Fe&CreTLAL vARIAALFS Te INCLUDE POSITIBN, RATE, ACCELERATISN, 
art aCCelLeRATISN RATE OF THe MITIBN STIMULATOR; AND RESULTS WERE 
CAONSTSTEST WITH The KYPetkeSIS BF STRAIGHTFORWARD [INFORMATIONAL 
Mefel aALLS*el aCCuhate FedeL PReCyCr1@ns OF the EFFECTS OF MB. 
TION Cops PN a y*RIeTY BF ReSPSNSe MEASURES FOR BETH THE TARGETe 
FalLawtNG aN Cys plRAatCeeReGULATIAN TASKS, 


autn PRP R ERROR BEO REE EO SASL OSES ERASE EES SEES SRS OAR ARERR 
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LEVISSN, Wee AND GUNKERy A.Me USE OF ThE TILT CLE IN A SIMUe 
LaTEC bEACING TRACKING TASK, PRESENTED AT_THE ipa ide aide ANNU aL 
CeNFEREACE ON MaXUal CANTReL, UNtveRSr TY BF sel THERN Cal [FARNI A, 
LOS ANGELES» CALIFARNIA, MAY 259274 19786 


* ABSTRACT # 
AN EXPERIMENTAL AKC ANALYTICAL STUDY WAS UNDERTAKEN JBINTLY BY 
TRE AER@SPACE MENTCAL RESEARCH LABARATARY ANC BALT BERANEK ANO 
KESMAN INCe TO EXPLORE ThE EFFECTS SF THE TILT CUE BN PILOT/VE™ 
FITCLe PeRFORManCe IN A SIMULATED HEADING TRACKING TASK. THE TASK 
baS PeRFARMED wrth SLBYECTS USING V{SUaLe@NLY CUES aND CoM INeD 
VISlal aNC RALLSAXIS MOTION CUES, HALF AF THE EXPERIMENTAL 
TETALS weRe CeXCLCTED WITh THE SIMULATAR ROTATING ABEUT THE 
FaFy7enyal axIS3 78 SUPFRESS THE TILT CUE, gle REMAINING TRrALS 
heSe CANDLCTECD by Th The SIMULATOR Cab TyLTED g¢ OeGReES SB THaT 
RALLSAXIS MATIANS beERE ABSUT EARTH VERTICAL. 


THE PRESENCE @F The TILT CUp ALLOWED A SUBSTANTIAL AND STATIS« 
TICALLY SIGNIFICANT RECLCTIAN IN PERFORMANCE SCORES, WHEN The 
TILy Cle WAS SLFFRESSED, THe AVAILABILITY 8 MOTIEN Ce DID NOT 
FeSlLy gX SIENIFICANT PERFORMANCE even ts THeSe eFFeCTs 
‘ee aCCelLATel Fok RY Thee SPTIMAL.CANTRAL PILeatsveHICle Medel, 
weeRe yn Tre FRe SeNCe pR ABSENCE BF yARIAUS MATION CugS WAS 
Fe@Resette® Py aAPFFEPRI Ate OeFINITION BF THe PERCEPTUAL QUAN. 
TITIES aASSLMEC TA Be USEC BY THE HUMAN APERATOR, 


Peer rrr Pe eee CPP PP ECE SSS ERE SPCR ECCS SEP RS SESE PST SEPP ARP Ch ES 


Lees Ce a: ANC ayes 1 
GFALACeRASEU SIMULATI TECHNIGLES 

KAR Th CBERTCAR AVIATION IKC. Cag ANGELES Diy,, CALIFORNIA 
FER +LSAAYLABS REFSFT? TR#67"56s AD=663 847» SCT 1967¢ 


* ABSTRACT * 
Mp\y M:7HBOS bAyE Bren LseO T8 CBORRELATE GROUNDS BASED 
SIMULATORS WITH The ACTLAL AIRCRAFT THey SIMULATE’ COMPARISONS 
PF CyMLLATION wi7k FLIGHT IN PAST NAA/LAD PROGRAMS ARE 
PRESENTEDe TkEY INCLUDE DYNAMIC CkeCKS, PERFERMANCE CHECKS, 
aN™ CAMBARISARS ay THE STATISTICAL Levele FAyURABLE 
CO8MeakISSNS NO@7 ANLY VALIDATE Tre PARTICULAR SIMULATER INy8LyEd 
al? aALSP Glve CReCehCe TO THe SIMULATIAN PROCESS FOR FUTURE 
Sr“LLaraRs, GeAs EARRELATION KETWEEN SIMULATION AND FLIGHT 
CANN97 Be ATTRIBUTEC TO ANY BNE SPECIFIC ITEM, The BVERALL 
FANELING AND FLYING CRKARACTERISTICS ARE EMBBCTED IN THE 
SI™LLATIAN PROCESS, BLT IT IS Tre ATTENTION TA DETAILS WHICH 
CRACLCe The CISTINGLISHING ChKARACTERISTICS GF A SPECIFIC 
ATFCRa~FT, (ALTRAK) 


SOHNE HEHEHE HAH ERE HEHHEHEP Hee HTHHHHHEHHH HEHEHE HTH Eee 


LE*IS, S,Tes WKKITMORE, &.B,, HARRIS, L, AND MCLOUGALLs, Ly A 
Seary~sl OISARIENTATIAN CEeMBNSTRATBR,  wUSAF SCROGL 6F AEROSPACE 
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MEV TCT E's AERYSFACE MECICAL DIVISIAN (AFSC), BROBKS AIR FORCE 
PASE, Tx, “AR 1] 9656 


* ABSTRACT * 
V SP rp TAL OLSARTONTATIOA‘N SrvICE was DES|TGNED AND CONSTRUCTED at 
Ther “eRLEST SF TRE TACTICAL AIR CAMMANC. THIS DEVICE IS 
The XPPNGTVE, £ASY TS BPERATE, ANC PSRTABLEe IT COMBINES THE 
CRINCTFLeS SF Ter PARANY CHAIR AND CENTRIFUGE, ThE PURP@SE 6F 
TRIS HoRPART TE TA CeSCRIBE TRIS LSAFSAM SPATIAL OIS6RIENTATION 
REMANSTRATAR, (ALUTEYRS) 


SER eH EEE PP HHH 


Le Yitan, Ce AND ALTTALLs BEeR, A SUPVEY BF AITRCKAFT HANDLING CRI} 
Te EA, MINISTRY BF AVIATISN, "APRENAUTICAL FeSEARCH CBUNCIL 
CLUB AT PAFER § C.F. &33, LArDIN: HER MaUESTY'S STATIONERY 

REF Cty» HEC. 14E4 


* ABSTRACT * 
THTE KU ge CISCUSSES THE REGUIREMENTS FOR SATISFACTERY AND 
MN Mer aCCeFyaPlhe FANOLING GUALITIES AF AIRCRAFT, PUSLISHED 
CRIteATA BASEL AN VaRTOLS SBURCES, €. G, VARIABLE STABILITY 
sTSCKAFT AnO FLIGRT SIMULATgFSs ARE CaMPARED AND SaMe PRESENT 
Pay apRCRaFy EXAMINED IN THe LIGRT BF tke CRITERIA, IT IS 
ChOKN ge aT SPReE MACTFICATION BF THe PUBLISHED CRITERIA IS 
NeCeSsahY arigN LakCe ATRCRaFT AR EQNS 15eRED AND TRaT THe 
Chia Rta MLS7 IN aby Cas, Be USEU WITH DUg ReGARD TO THe FLIGHT 
Carl ry ANC aysCRaFy ROLE UNDER CANSIODERATION, PART 1 Gives 
SAM. ACK GRALAL TNF@RMATION GN RANCLING ReSeakCh aND DISCUSSES 
mpl ey HeEPNTIAN FatIhG SCaleS, PARTS @ AND 3 CONTAIN DETAILED 
CLR yp yt SF LANGTTLETNAL AND LaTeRAL RANCLING CRITERIA 
PeCPeCtyclY. Pay 4 DISCLSSES A THEORY BF HANCLING QUALITIES 
aASeP tN A SERYIeANALYTICAL APER@ACK ANC PART & PRESENTS SOME 
ahVar CANCLUSTMNS, THE APPENDIX GIvES A SUMMARY BF THE 
eet ae xrs BF The MORE IMPORTANT PUBLISHED WERKS BN HANDLING 
RLALTTITESe (ALTROAR) 


Tarr rrr eter eee eee eee ee eee eee ee CP PPP CP eee ee SY 


LINCOLS, RS, LEARNING A Rate SF MOVEMENT. tue GF EXPER, 
Le¥Chiy ets Fatihts GuinE 4954s 456°4708 


* ABSTRACT * 
TRIE cxFeRiMeny waS CONCERNED *ITh ABILITY OF FUMAN S'S 76 
Lp APN a GATE BF MAVEMENTe TRE Rate OF MAVEMENT Was PRODUCED BY 
Thin tay a RaANCwheel, The Pate TS HE pkgDUCED waS DeSCRigeD 76 
PIPER Np GRALPE BF S'S aS yaARIOLS UNI 7S BF DISTANCE TO BE 
TeAyi tL, E IN 4 PIN, OF TIME. AFTER INITIAL ATTEMPTS TO PREDUCE 
Thr Sate, ALL StS heCElyEl yeRMAL MeSCRIPTIONS BF TrEIR AVERAGE 
GATE cL RURe TRIS INFORMATIBN WAS TE BE USED IN TRE NEXT 
atTeMEr AT PRALLCIAG THE Rare. AT THIS TIME, GNE GROUP WAS 
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aLSe@ FROvICEC wrth a CONTINUBUS vySUAL ;NDICayION BF Rate ERROR 
aS AN AIC IN LEARNING The RATEe RETENTION OF THE RATE OF 

We MEF EN WAS gvalUaTeC IN a SeRIes BF CRITER TON TRIALS BY 
ReGlrRING S#*S 76 FROAOUCE THe ATE WITH@UT FURTHER ERROR 

INFARM ATION, The S'S TREN ReELEARNED THe Raye OF MOVEMENT, 


PEF8re ERROR INFORMATION WAS PRAVINED, S'S ENDEC TS CRANK AT A 
Fate RKIGKER TRAN The ReEGUIReD Rate, TRIS TENDENCY INCREASED 
AS TRIALS PROGRESSED, THe gFFECT OF Tre DIFFERENT RATE 
MeSCRrPy ONS was NOT SIGNIFICANT. 


KR EN eatagey ans INFORMATION WaS PROVIDED, ALL GROUPS SHOWED a 
RaPYC JNCREASe IN Rate ACCURACY, THe S¥S wHA ReCelveD The 
Save TYPe SF yeRBal CARRECTIBNS ACHIEVED AS HIGH A Level OF 
ACCLRACY AS TRASe S'S whe WeRe alsé R6yIDeD wlTH THe VISUAL 
AIC. 


THE S'S wERE ABLE TO LEARN AND RETAIN THE RATE OF MOVEMENTes JIN 
THE CRITERION TRIALS THe Rate “AS PREDLCED With MUCH GReaTER 
ACCLRACY TRAN TRAT OBTAINED IN Tee PRELEARNING PERI6D, THE 
GRALP TRAT WORKED WITH THe VISUAL AID SHOWED phe PUBREST Rate 
ACCLRaCyY When FeRCED TA DEPEND LPON KINESTHETIC CUES. ThE 
EXTRA KNOWLECGE BF RESULTS PROVIDED BY THe VISLAL AID WAS A 
SeTRiIment OURTNG Tee CRITERTAN TRIALS. 


THESE ReESLLTS APPEAR TO HAve IMPLICATIONS FOR THe OgSIGN GF 
TRAINING EGUIeMENT. IN ADDITIUN, THE RESULTS ALSB PROVIDE 
eEVICENCE THAT RATE ACCURACY IN HANDWHEEL CRANKING IS LIMITED By 
THF NATURE OF RAETARY MOVEMENTS? 


PREP RPUPUTEEESERTECEEOCIE SAS ECEC CAREERS EERE TERRE ETERS SD SS 
Lik, EyAe UR, » TRAINER FOR AVIATARS 


PATENT NA® 296957857 
FILED AUG* 44, 4936 GRANTED NOVe 23, 1937 


\8 ARSTRACT 


YEererrerrercrEPCEPTECECCOCOCSCE OO SCC OSE ESSE PER EER SERRA SESE RRRESR ED E S O 


LINK, EoAe ET AL © AVIATION TRAINER 
CATENT KOe 22358016 
FILEC SEPs 9» 1942 GRANTED SEP+ 12, 1944 


N@ ABSTRACT 


PWwRPUVTCTECISCPECTOSCOCOCOS CCS Cee eee 


LOWES, Agkhes ELLIS, NeEw, NORMAN, DA, AND MATRENYs, WeGe 
IMERAVING PILOTING SKILLS IN TURBULENT aIR USING A SELF eADAPTIVE 
TeCKNIGUG FOR A DIGITAL OPERATIONAL FLIGHT TRAINER, NAVTRADEVCEN 
67*C#oga4ecs 19682 NAVAL TRAINING DEVICE CENTER» @RLANDG» FLe 
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* ABSTRACT *# 
TRE FURFOSE BF TRIS STUCY waAS TA DF TERMINE THE FEASIBILITY @F 
APFFLYTING ACAPTIVE PRINCIPLES TO FLIGHT SIMULATOR TRAINING 
FLNCTIGNSe 8F SFECIFIC IMPARTANCE WAS THE GUESTIBN: CAN AN 
METRATIGNAL FLIGHT TRAINER BE USED AS AN ADAPTIVE TRAINER T@ 
TMPRAVING PILOTING SKILLSe EIGRTEEN (18) NONewET EXPERIENCED 
FTLATS wERE ASSIGNED T@ TWA GRALPS FOR THE PURPOSE 6F RECEIVING 
A CAnSTAST AMALAT BF FLIGHT SIMULAT@R PRACTICE IN THE TASK 6F 
PAIRTA[NING A CAKSTANT ALTITUDE PRAGRAM DURING SIMULATED AIR 
TLEELLENCEe @NE GRAULP WAS TRAINED USING AN ADAPTIVE TECHNIQUE 
ant Tro ATRER GRALP KAS TRAINEY UNDER C@NDITIANS REPRESENTATIVE 
IF CONVENTIONAL TECKNIGLESe IT WAS HYPA@THESIZED THAT THE 
APAFTTVELY TRAINED PILOTS weULD Be MORE PROFICIENT WHEN 
TRANSFERRED TS A FLIGHT SIMULATION REPRESENTATIVE OF AN AIRe 
CRAFT [TX TURBLLENT AIR TRAN WAULCD TRE CANVENTIJO@NALLY TRAINED 
Frlatc. RESULTING SUPPORTED THE HYPOTKESISs AND IT WAS 
CPENCLUDER THAT SELFeADAFTIVe PRINCIPLES ARE FEASIBLE IN THE 
FeSFarnvance AF FLIGHT SIMLLATAR TRAINING FUNCTIBNS» 


TRPTEPTEPPTEEEECUCERELCC RRC ERE RE RSE REECE ASPET PP Th 


LUTFANT Rs Se 'MOTION SYSTEM FOR A ReSeRACH FLIGHT SIMULATOR: 
aA eRELIMTNARY DeSIGh STLCY1, STBCKKOLM, THE DIVISION OF AERO, 
NALTICS, The RtyaAL INSTITUTE BF TECHNOLOGY, AUGUST, 19636 


anSrRacy NOT avaILaple aT TIME SF PUBLICATION 
Terrvr rrr rrrrrerrererrrcoreocer erate Pe PT SPCR LASSER ee ee 8 


LUTFANDER, STEN INVESTIGATION OF FUNCTISN AND PERFORMANCE OF 
CaPth “Ar TON S¥sq—eh OF FLIGHT TRAINING SIMULATOR FOR ayC 371, 
RFEAET TA?C1SRes 1968° 


antrhacy NA7 avATLAPLe aT TIME SF PUBLICATION 
a4 TWUVPEPEPEELERETE RELEASE EC EP RAE TPA 


hy Py ULPON 6 SPaCe FLIGHT ENVIRONMENTAL SIMULATOR 


EATEAT Ae 399832473 
FILER SLNE 20s 196¢C GRANTED APRIL 2% 1963 


N@ ARSTRACT 
PTERPUERETERIEELIEC LORCA ECA CRORE CCC CCAS A ED TD 
MaCCaaylaCale, ke EFFECTS @F ANGULAR aCCELERATION AND CENTRIFUe 


cal. FeRCe 8N NANYTSLAL SPACE BRTENTATION DURING FLIGHT. 1tJU6UR. 
Nal OF AyIATIAN MEDICINE', QUNE 1948 194 1460157¢ 
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* ABSTRACT # 
RATA weRe COLLECTEC AN TRE NONVISLAL PERCEPTION OF MBTIBN AND 
PAMyY FASTTION CLRIAG FLIGHT, ALL BRSERVATIONS BEING MAVE 
wWETLF ATRB@RNEs ThE SUBVECT WAS SFATEC IN ThE REAR COCKPIT &8F 
AN ACVANCED NAVY TRAINERe THE MANFUVERS USED wERE LIMITED TA 
TLRNS AT SIX ANGLES OF BANK, TWELVE SBSERVATIONS aT EACH ANGLE 
SF FRANK WEFE MACE BY EACK AF THREE EXPERIENCED OBSERVERS wITh 
VISL4L CUES EXCLUDED BY A BLAC* LT PROCEDURE. REPORTS OF THEIR 
FERCeErF TANS BF TURNING a~NC TILTING YUOGEMENTS BF THe DyRECTyON 
(LFF T @R RIGHT) OF TURN AND TILT WHEN FASSIBLE, ESTIMATES OF 
CeGREES AF TILT FARWARD OR BACKWARD AND RIGHT 6K LEFT IN 
CEGCREES, AND ESTIMATES BF G FORCE WERE MADE VERBALLY BY THE 
BBSFRVERS INTA A wIRE RECBRDERe THESE REPORTS wERE 
LATER ANALYZEC IN THE LABBRATARY ANC RELATED TOA 
TRE ACTLAL BEFAVIBR BF TRE AIRCRAFT AS JNOJCATED ON THE SAME 
ReCPRC BY TRE FILOT'S SIGNALS SF CRITICAL POINTS IN THE 
MAKREL VER. 


COXCLLUSTANS 


NONyIScAL SPATIAL @RreNTATIAN CURING FLIGHT IS SUBUYECT BETH 78 
GR8cc LIMITATIONS AKC TE ILLUSIBNS, Tre PERCEPTIEN BF TURNING 
aX TILTING TA TRE RIGHT OR LeFT APPEARS AFTER A CONSIDERABLE 
LaG FREM The aCyLal sNSeT OF THe MaNeUveR, The DIRECTION UF THE 
Fak g~NC TURN May Be IN gRROR AND The is Regt hg OF THE AMOUNT 
RF BANK ake rARkECLY OF 635.6, PeRCEPTIANS BF BOTH TILTING 

AK TURNING ARe TRANSIFAT, AND CISAPPEAR BEFORE The PLANE 
FeCayehs FRAM the TURNING AtTITUOE, Thr meee RY FROM The 

rURN KG aATTITLUe 1S aCCOMPaNreO BY SeNSa TIONS OF TILTING aNc 
TLENTIAG ghaY FREM the DTReCyIONn 6F La 2 PReCeOJNG TURN, WHICH 

Fe °SISt r\To The p R160 6F STRAIGHT ANC Level FLIGHT FOLLOWING 

A MANeUyeR, Tre eSeT 68F TURN AND THe TURN PROPER ARE 

ACCAMBANY C BY SeNSATIONS AF TILTING BACKWARD, whICh PERSIST FAR 
THF CURATION 8F Fre TURN, FOLLAWING FeCOvERY, THE BBSERVER 
FeglS kIwSeLF TILTING FORWARD AFTER A BRIEF PERIOD BF FEELING 
LEFIGHT, THe PeRCEPTIENS GF G PER SE ARE STRBNG AND ACCURATE, 


PwEePrePEPPERRESTESOECECE SCS SES CES CCAR EES ETERS ETRE SERS CERES AR 


MaCk, E, ‘TRE ANALYSIS 6F SENSATIONS?, DOVER PUBLICATIONS; 
NER YORK, 19556 


*# ABSTRACT # 
tRIS BORK PeGINS WITH A DISCUSSIBN BF The RELATION OF PROBLEMS 
SF ESYCRALAGICAL PeRCePTI6BN 78 CLASSICAL PHYSICS. IT PROCEEDS 
TE AN ANALYSIS SF FUNCTIONAL RELATIONS, THE SUPPOSED DUALISM 6F 
TRE PRYSTCAL ANC MENTAL; Tke PRINCIPLE OF CONTINUITY, ITS 
INFLUENCE AN Tee PROACESS BF LEARNING AKC METHODS OF INVESTIGAs 
TIAN; The THEORY BF COLOR SeNSATIBNSs CASUALITY AND TELEOLOGY; 
The CIFFeERENCe BeTWeEN GPTICAL AND GEOMETRICAL SIMILARITY AND 
ITS SIGNIFICANCE; EVOLUTION SF Tre SENSES; SPATIAL PERCEFTIBN, 
GPTICaAL JLLUS]JONS; ™E SeNSe BF BaLaNCe, THe wILL AS AN ORGANIC 
MANIFESTATION, yALITION AND THe NERVOUS SYSTEM; INTERPOSITION OF 


603 











NAVTRAEGUIFCE!: IH=298 
MINT bE TAERNM JMAGES AND SENSATIONS; MEMARYS SENSATION GF TIME, 
TIME ant CREAMS; The PSYCRFOLAGY @F SOUNDs AND CONTEMPERY 
REACTIOUNS TS TRESE IDEASs 
Teer re ee ere etree er eee eee Ce PPT PPR CS PCCP APPR FS 
; 
, 


MACKTL, Rekes KELLEYs Gees MOE, Gele ANC MECHERIKOFF, Me FACH 

Tele Leal IhG TH Tee ACCEPTANCE SR REVECTION BF TRAINING DevyCes. 
KLMAS FACTARS RESEARCH FAR THE NAVAL TRAINING EQUIPMENT CENTER, 

NAYVTUAEGLIFECEN 7C#C-O026"15 AUGUST 1972-6 


* ABSTRACT * 
THF 1s AND ACCEPTANCE BY NAVY PERSONNEL BF 16 MAUB8R TRAINING 
PeVITES weRE STLMTEC IN RELATION Ths (1) SITUATIONAL FACTORS 
AFFLOTING TRAININGS (2) SIMULATI6N CHARACTERISTICS 6F ThE 
TRATNG RS (9) INSTRUCTI@NAL CHARACTERISTICS €F THE TRAINERS; 
BrlLPAKILITY AF Tree TRAINERS; FARMaL ANC JTNFGRMAL CAMMUNICATIONS 
Re CakCIne THATNER CaPABILITI¢Ss AND Level GF EXPERIENCE OF THe 
LErSS Tn The SYStErS SIMULATED BY THE TRAINERS, TRAINE®S 
BePRECONTING AJR, SURFACE, AND SLBMARINE SYSTEMS WERE SELECTED 
FAR eylLCY; Tre PARTICIPANTS INCLUDED STUDENTS, INSTRUCTORS, 
aPMINISTRATI Ve ANC MAINTENANCE PERSONNEL, | 


aX aCC-FrANCe FRAFILING TECHNIGLE hAS CevelL@PeC That APPEARS 18 

fe krGrLY CyaGhesyIC SF tRe REASBNS FOR aCCeEPypanNCe GR ReveCyION > 
PE Fak rTClL aR yRatheRS, IT wAS evIDENT THAT BETH HIGHLY ~ 
aCCerrel aN S-RTAUSLY RevECT ES TRAINERS wWeRe REPRESENTED IN THE 

cavele, Methelcs FOF [NCReASING TRAINEF ACCEPTANCE aRe BUTLINED 

tt Trays BF TyPRAypheNT IN SPECIFIC AREAS SF SIMULATION; 

mPEay- CO SUFTWaRE; GREATER QUALTFICATIGNS FAR I[NSTRUCTERS, 

IMPR4 ye EVALLATION SF FERFARMANCE; ANC IMPR6yED UNDERSTANDING 

OF the FURPGSe, CAPABILITIES ANO LIMITATIONS OF TRAINERS BY The 

LSeRS., phe MERITS BF CONTINUING STUDIES BF TRAINER ACCEPTANCE 
ANT gh, ROLE SF rTRAINER abyOCaATer aRe C1SsCUSs_eD, 


FAGE 422, FARAGRABA g - IF THE TRAINER DGES NOT REACT INA 
FaSkrAX yeRY SIMILAR 78 The OPERATIONAL EQUIPMENT IT SIMULATES, 
tr Ts CANSTOCRED NONACCEPTABlLe ReGaROLess SF wreTheR THe TRAINER 
*aS INpeNCeD 7h Pe A KER FyOebITy SIMUL ATBR 6R N6y+, ALTHOUGH 
tr “AY Fe ACGLIREE IN SUCK A TRAINER, The ATTITUDE OF 'RESPANSE 
SFeCIFICITY' 1S a MauvBR OBSyaCkhe 7h ACCEPTANCE. 


PTRERRERPEOCERETUCCECELESCSI CCC CR CECE REESE TARAS ET PAR OD 


“eGTD tafe ANL COFRGMENN, RR. HLMAN RESPONSE T8 VIBRATION, 


’ 
IN PONNETT, Fes MEGAN, we AND SPIeGel, uv. (FDS,) "HUMAN FaCyORs 
I. PeChEALOGYs, =FUMAN FACTORS secieTY, McGRawcnILL; Neh Y@RK 


{O36 


: * ABSTRACT * : IF ) 
CUSSED In THIS ChAPTER PEMBNSTRATE SIGNIFICA,T 
E 


the “Toe tE? elf 7 
" E ab ANC pee PE BIALOGICAL PHENOMENA TRAT LAST FOR 


Me Ck ANT 
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RELATIVELY SRERT PERIOOS BF TIME.’ IT KAS BEEN SHOWN THAT 

FLY AN BEINGS ake ADVERSELY AFFECTED IN THE FREGUENCY RANGE OF 

1 TA ac CPS ANC ARE PARTICULARLY VULNERABLE IN THE RANGE OF 

a TA yo CESe SULBUECTIVE ReSPONSe (INCLUDING SEVERE PAIN) AND 
APC TAvaSClLaR, RESPIRATORY, SkeLeTaL MUSCULAR, AN PERF URMANCE 
ALTERATIONS Are AMEANG EE VARI8US eFFecrS SF THESE XTRINSICALLY 
APPL TED pS vine MeNTAL FaRCes, IF THeSe NOXIGUS F rtes ARe 16 Be 
ENCALN Te el, THE ACLTE ANC CHRYUNIC erF ects ON THe He AL TH 6F THe 
FaSSeNGeR MUST As ANTICIFATEO, THESE BUSERVATIANS ARe TH 

S_eSkly SF INVeSttGaTIONs BF CaReFULLY CaNTROLL ED SHORT TIRE 
STEADY aSTATE Si NLgbyO~l A aL VIBRATIONS Wirh A SPECIFY 
SeatING aNl ReSyRalhy CONFIGURATION, I7 IS NECESSARY 18 EXTEND 
TEIS wORK TA ze_E STUDY GF LANGeTERM STATES, INTERMITTENT 
PUFFeTING, ANC SINGL RePeT1TIVeE_IMPACTS, ALSO NeeDeD 1S The 
INVESTIGATION GF CAMByNEO MUL TT eDyReCyyANal FeRCES WITH vaRYING 
SEATING ANC ReSyRaIht SYSTEMS. 


PROSECUTE SCECOCOLECESEE EE SERS ERE Pe CREE EEE TERS ERR RRS EPESEES T S S D 


MALCI Ke Ve 

FILeT ARTENTATIGN IN CAMPLICATEC METERALAGICAL C8NDITIONS, 
"FARE GN TECKNALAGY DIV! 

wWRIGHTsFATTERSAN AFR, BH 

REFTs FT NhT 9532370968 AC$849"959» 


wll 19686 


+ ABSTRACT * 
Tre Mika OF CAMBayyNG FLyGHT yLLUS;S\ CONS;S7S IN THe PILOTS 
aPTL yy 7B LGNERe SENSATIONS TN FyS Bw BODY ~NO ReLy COMPLETELY 
an ALi We FOR Ers Lon Rou. BY IRRITATING HIS veSTIBULAR 
SFGaNS 7HR5UGr a GALVANIC CURRENT WHILe EXECUTING A Gly_eN 
EXERCISe IN A FLIGHT SIMULATOR, he ¢V8Ke SENSATIONS ANALOGOUS 7A 
ACTLAL BL IGHy ILLUSIONS, we THUS PRODLCE EXPERIMENTALLY A 
SrTLATISN WHICk COMPRISES THe Chief FACTOR OF ILLUSION, CONFLICT 
Ae Thee SLAVECTI VE SENSATIONS, SUCK AS MAKING A TURN, AND 
FPdeCTIVe INSTRUMENT REACINGS “HICH INCICATE A STRAIGHT LINE OF 
FLIGHT, IF Tee FILOT IGNORES KIS SUBUECTIVE SENSATI@NS AND 
CONTINUES ACCBRCING TO KIS INSTRUMENTS, HE MAINTAINS THE SET 
FLIGHT PATTERN, IF, ON The OTHER HANC, HE SUpMITS TO ILLUSION 
ANe IGNARES FIS INSTRUMENTS, HE LAKES aN MPRePER MOVE WITH THe 
CMLL aTAR CONTRALS AND CeytateS FRAM HIS COURSE, (AUTHOR) 


PoRUEERPE PT PTERLEPEPUPCUCCCCSOSCOSSCLCCOCE ESSERE TREE ESE SRE SEE 
MALLAN, hewe @ AIRCRAFT TRAINING APPARATUS 

FATENT NAO 2239570484 

FILFE QLNE Se 4943 GRANTED SEPs 5s 4944 

KA AASTRACT 

PWECERUPUUCTECECELOCO OC OO CECA ETE ESSERE ES 
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MATR, CEOTL We AND FAY, CeTe TRE PERCEPTION OF ThE VERTICAL, 
YTV3 Tre FFFECT @F RATE BF MOVEMENT OAR TRE YUOGMENT OF TRE VER} 
TICALe LedeNe SCRIAL fF AVIATION MFDICINE RESEARCH REPORT, 
1956, KY Cl1"=11C"SCC REFGRT NBe 406 Leite 


* ABSTRACT * 
AP gxEOSTMENT waS CPESIGAED TA TEST THE EFFECT GF CIFFERENT RATES 
YE TILTING MBVEMENT CPN Tre JUCGMENT AF THE PASTURAL VERTICAL 
TR The ARS: NCE AF VISLAL CUESe SUBUECTS WERE TILTED AT 
CAMP TiaTTSNS SF SPEEMSs CELAY AT THe TILTED PASITIHN, AND IN 
BIChT ant LEFT GLARKANTS 6 


ANSLYS{S BF VARIANCE AF The CONSTANT ERRORS INCICATES THAT ThE 
reRAG AF GUCGMERT ARE SIGNJFICANTLY GREATER WREN THE SUBJECTS 
ACT Fe TURNEC To TRE VERTICAL AT SLAWER RATES BF MOVEMENT. JIT JS 
SCLOErSTER THAT Tee PRORLEM e@F CIFFFRENTIAL ADAPTATIEN TO 

INCL INATTON AS AN peuvent e UPSN veRTyCal JUDGMENT SHEULD Be 
PXAMING DD TN Tre ATRPLANE UNDER CONC TIANS OF RELATIVELY RAPID 
ANT Secarively slak ReTLRN FROM A HANK 78° A STRAIGHT AND Level 
ATTITLEs 


ee eee ee ee PRES ER SSC SSP SSR EEE CSE CCT CPP PPP RP PPP CAS 


MANTIN, fete ANC WAAG, hele CUNTRIBUTISNS BF FLATFARM MOTION 76 
Sy™LLATAR TRAINING eFFECTIVeENESSS STUDY I ~- BASIC CENTACT. 
AFR AT e7Re1G. wILLIAMS AFB, AZ; FLYING TRAINING DIVISION, 
AT® eeeCe FUyad ReSBURCES LARARATARY, JUN 19786 


* ABSTRACT. * , 
the Uae CRT yG We ee VALU STE TOE Conta Aehe oT eae ie 
tk rp caypp SPLFREECAM PLATFORM MBTION T6 THE ACGLISITION OF Bay 
ere CotqaCr, aPFROACH, ANC LANOING SKILLS IN TE N6y ICE PILOT, 
A TRANCE Ree TRANS NG APPREACH Was Used JN wWrhjCh The GReUPS @F 
Let SrePehTS Re Ce by OD SIMULATOR PRETRAINING ON BASIC CONTACT, 
TA<ECFF, AND APF a.eh AND LaNDING TASKS eI Ther witH BR wi yhOur 
ree ER-SENCe BF PLATFORM MATION CUrS, PERFO Babee IN THe SIMU. 
Late? anC SURSeGlehy PERFARMANCE Th THe AIRCRaFT WaS MONT. 
pPR.D pNP Care Aree WITH Tre ATRER AFT PERFORMANCE BF a CONTROL 
GRICE «krCk CD NOz ReCelve ANY a~ODTTISNAL SIMULATOR PRETRAIN, 
INO © 


Tey ieSLLTS AF skys STUCY CLEANLY ESTABLISH The POTENTIAL TRAINe 
TX valle JF New GeENERATIBN GRAULADABASED TRAINERS, HOWEVER, Thy 
Pata Fatlel Te Reveal ANY SIGNIFICANT SR PRACTICAL ENHANCEMENT 
PE gh athtNG FFF ECTIVENESS AS A RESULT OF THE ACDITION OF Plate 
FrAKM waTT ON. 


TORR POPE OPER MERE ERP EPP EES ESE EPS ASE PEPE CCC RARER AA EL I 


Matheny’, #.G, 1a STUCY BF CAST Facr@Re BF ATRCRAFT SIMULATION 
TH Re Late TRAINING COSTS TH TRAINING EFFECTIVENESS! (TRADER Ty) 
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LIFE SCIENCES, INCey GAN 74 19634 SUBCONTRACT NOe HUMRROB@2"0036 
(TRACER TV) 


ARSTRACT NOT AVAILABLE AT TYME GF PUBLICATIBN 
eet een eaat REP RPPSEERE EE SESCS ECT OASE SSE LESS CPSC ERR Eee eee SY 


MATFERKY, WeGe ‘STUDIES OF MATIBK AND VISUAL INTERACTION IN S]Mo 
LLATAR DESIGN AND APPLICATIAN'« LIFE SCIENCES, HURSTs TEXAS FOR 
THF AIR FORCE HFFICE OF SCIENTIFIC RESEARCHe FINAL FEPOBRT 
LSTeAFSSR=FRe760e1e SEPTe 197660 


* ABSTRACT « 
TETS REPART SUMMARIZES TRE WORK UNDER CBNTRACT F44620"73-C-0058 
PeThEEN LIFE SCIENCES» JNCe, ANC THE AIR FORCE OFFICE OF 
SCIENTIFIC RESEARCH, TRE WARK Was CONCERNEL with STUDIES BF - 
MATTAN ANC VISUAL INTERACTIAN IN SIMULATOR DESIGN AND 
APELICATION. THE SPECIFIC ABUYECTIVES SF THE WORK weRE: 
(4) TeSCRIPE The ChaRACteRrstICs OF STMULATER METIEN AND vISUAL 
PTSFLAY IN GLAKTITATIVE TERMS AS EXPERIMENTAL VARIABLES; 
“eo -CELINEATE MEASURES 6F THe CeEPeENDENT VARIABLES IN TERMS 
SF system GUTFLY aND PILOT YNPUT MEASURES; (3) IDENTIFY AND 
acSIGN PRIORITIES TO THE ExpERIMENTAL GUESTIBNS AND FERMULATE AN 
AVEReALL FLAN FAR THEIR pAvEeSTIGATION, (4) OETERMINE THE 
CAPABILITY ANC AVAILABILITY GF TKE RESEARCH EGLIPMENT AVAILABLE 
FAR CaRRYING 6LT The EXPERIMENTAL INVESTIGATIONS AND (5) MaKe 
RECAMMENDATIABNS FAR CARRYING BUT EXPERIMENTS BASED UPON 
CANSICERATIGNS BF PRIORITY AND RESEARCk EQUIPMENT CAPABILITY AND 
AVAILABILITY. 


Cle Te THE LARGe NUMBER BF eXPERIMENTS INDICATED, EFFORT WAS 
CAKCENTRATED BN The Dev LaPheNT AND TeSTING 6F THe PERFORMANCE 
eGlIvaleNCe MeTRAD FO Ee TeRFININg TRAINING SIMULATOR 
ChARACTERISTICS WEICH WOULD pe MORE ECANOMICAL BF TIME AND 
cFFART, TRIS METRAD PROPOSES ThE COMPARISON BF Thi SIMULATOR 
anf AYRCRAFT BASEL LPBN The MEASURED PFRFBRMANCE OF THE PILOT IN 
Te®MS AF CONTREL INPUTS TS The ThO SYSTEMS BEING COMPARED, 

CATA weRe COLLECTED IN AN INSTRUMENTED T#37 TRAINING AIRCRAFT 

AS Tee FIRST STEP IN CARRYING PILOT Seg T@ THAT IN THE 
ASLFT SIMLLATIOK SYSTEM AT HUMAN RESBURCES LABORATORY FLYING 
TRAINING CIyISI6N, wICLIAMS aFB, OUE TO ADMINISTRATIVE ANC 
SCRECLLING CONSTRAINTS IN COLLECTING Tee AIRCRAFT DATA LEFT TIME 
TN tee CaNrRacy FAR ONLY A PRELIMINARY ANALYSIS SF THESE DATA, 
cGLIPPeNT AND SCKEDULING CANSTRAINTS ALLOWED FOR COLLECTION OF 
Fava tN aSULPT @N BNLY SKE PILOT FOR ONE FLIGHT. 


FReELIMINARY ANALYSIS OF Tke AIRCRAFT DATA INDICATE THAT THESE 
CaTa CAN Be LSeC PROFITABLY IN The DERIVATION BF MEASURES OF 
FILA@T PERFORMANCE FOR TeST AF THe PERFARMANCE EQUIVALENCE 
CONCEPT, SINCE NO TIME REMAINED IN THe CONTRACT TO CARRY OUT 
POeLIMINARY ANALYSIS 8F tHe ASUPT DATA, N@ PROVECTIONS CAN Be 
Mare aS 78 The ACECLACY BF rHESE DATA, 
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AR AVE'SALL PRAGRAM AF RESEARCH ON THE MATI@NeVISIGN AND THEIR 
TATERACTISN FRABLEM WAS BUTLINEC BASED UPBN USE GF THE T#37 
AT=CRAFT CATA AS A PSINT BF DEPARTURE IN CA8NFIGURING ASUPT AS A 
CRITERINN CEVICEe THE CARRYING BUT SF THE PLAN IF SUCCESSFUL 
aALLG PRAVIDE GLICKER ANC M@RE ECBNAMICAL ANSWERS T6 88TH 
SIMLLATAE CRARACTERISTICS AND TRATING METHEDBLOGY GUESTI@NS 
FE8VIC- CC TRE NECESSARY FLNDS aD PFRSOANAEL SUPPORT C@eULD BE 
FRILCKT TE REAR SN TRE FRASLEMe IT IS RECEMMENDED THAT THE 
FRPERAM RE PURSLEC. 


TWEE PRePPERESeSCeePrRECeS RPE RSE eee PS ERS SPP See Pee eee SE Se 


MATEI NY, WeGey CAUGHERTYs Dede AND WILLIS, UeMe RELATIVE MOTION 
RE CLEMENTS IN TNSTRUMENT DISPLAYS. ‘AEROSPACE MEDICINE', NOe 
VFMBFR 19632 FRe 1041°1C46%e 


* ABSTRACT * 
FERRY cxepRIMENT NUMBER GNE TT IS EVIDENT THAT WETIEN IS AN 
exTRe we ly Relevant VARIABLE IN The EVALUATION GF DISPLAYS IN 
SyTLATIONS [NX wekICh MOTION CLES ARE PRESENT, THE RESULTS OF 
eMPER IMENT NUMBER Ted SUGGEST TRAT IN CeRTAIN SYSTEMS The 
Apchagae ReCerveS INFORMATION FROM HIS KINESTHETIC SENSES IN 
aCvadCe SF that ReCetvel THRALGROUT The vISUAL SENSE, TAKEN 
TECe TER Tre Reslits FReM tTHese EXPERIMENTS SUGGEST NOT ONLY 
TREAT wotTIen IS A RELEVANT WARI BLE? BLY THAT ThE DEGREE Te 
weTCh ty CLPLICaTeS re ANGULAR MO7IENS OF THe vEHICLE Bere 
tr ULatem IS M9S7 IMPORTANT, LACK SF the MOTTON CUeS MAY Lead 
TA cRRIIKE BLS CENCLLSTONS AS TO Tee SLITABILITY BF DISPLAYS FOR 
Cytp ht TN weyck MOTION Cues aARe PRESENT, MBTIBN STIMULATION 
Sy¥Stp MS, WRICK eXFIBIT TRANSIENT ACCELERATIONS OR UNREALISTIC 
FRAG, SYFFERENCES EetheeN MATION AND VISUAL STIMULI, MAY 
FANYTEe CleS TH RESPONSE WHICH ARe J[NAPPROPRIATE TO THE TASK OF 
tke 40-R aOR, such FAULTS IN “O87THN STIMULATION MAY Be EGUALLY 
Ge yus FOR RUSE SpTUATIONS TS WHICH pee SIMULATOR 1S USED as a 
rRaytt'¢ CeviCe aS FOR pRESe I WRICH Ty 1S USES aS a OESTGN 
ARF ¢yaLUATIAN 7O6L, 


TRE ere ree CEP PCR REESE L ESE PSR ARSE Ee Ae 2 DD ee Bei Ri tei le Rete biel 


MaThenY, W,G,, GRAY, Tek, AND “ATERS, UK, CAPABILITIES IN 
Chg evap hate FILBT TRAINING SIMLLATIEON RESEARCH, EXECUTIVE 
CUMMawYe, LIFE SCTENCES, FURST, TEXAS FBR The ATR FORCE HUMAN 
PEGRLECES LARBRATBRYe REPORT NO LOT#7Re75°2 AUGUST 1975, 

AC Kite AGI7°1E86 


# ABSTRACT * 
THIS FePRPr CeSCRIPES (4) JHE ReSeaRGH CAPABILITIES OF AFHRL/Fr 
ATTr Faiep TICULAR rpkasté u K T E ADVANCED SIMULATOR FOR 
Lrf pikcwaDbate erley TRAINING (ASLPT) (2) RESLLYS BF A PRISR. 
Trl zaqi3s SF FPaeNTIAL FLYING ReSeaRCH ISSUES BY A PANEL OF 
rrFeS 1S, (3) CONTRACTOR RECAMMENDATION FAR INTTIAL AFHRL/FT 
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EXPERIMENTAL INVESTIGATIONS, ANC (4) THE AFHRL/FT FACILITY 
LTILTZATION PRAGRAM FBR CALENDAR YEAR 19756 ThE CONCEPT OF 
FERFARMANCE EGLIVALENCE BETWEEN SJMULATAR AND AIRCRAFT IS 
PRESENTEM ALONG WITH A CESCRIPTIAN AF SUGGESTEC STUDIES PES aGneD 
TA VALICATE tre CONCEPT, UTILIZATION AF AUTA 1 a Pe RF BRM ANC 
MeaslRes 6N PBTr SYSTEM BLyPUTS AND PILAT CONTR INPUTS FORMS 
AN eSSeENTIAL ELEMENT OF The MBCEL, 


TOR PEUCESCT CRORES CEES CEL ERS EPSRC RCS EER RES EAR 


MATFENYs WeGes LAWESs Ackles BAKER, Ge AND BYNUM» wedo 
INVESTIGATION 8F VISUAL, AURAL, MBTIBN aND CONTROL MOVEMENT 
CLES. LIFE SCIENCES INC, FOR TRE NAVAL TRAINING CeviCe Center, 
NAVTRADEYCEN TECKNICAL REPORT 592CeO304~1s APRIL 19710 


* ABSTRACT * 
TRIG REPART 1S CeveTeD Te THE CETERMINATION OF HOW MULTI «SENSORY 
CLFS Can BE SIMULATED AND EFFECTIVELY USED IN THE TRAINING 6F 
FIL98TS, AN ANALYTICAL BASIS ANC CUE TAXONUMY IS Devel OPED AND 
Clues p~Re FOSTLLaAT D @N UA BASIS BF INFORMATION GAIN¢D F REM THE 
SLryS1De yISUaL wWARLO, FROM SGUNCS GeNeRateD BY TH AIRCRAFT, 
aC FRaM Cles ReSlULyING FRAM AIRCRAFT MATION aND EN TROL 
cover Nes, CeSCRyIPTION aNd eee te et OF THE PRYSTCAL 
Cha at reR IST! S AF TRE FOSTULATED CUES aRe EMPHASIZ—D, 
FYFAatheSeS ARe Ceyel8 EC BascO UPBN THe EFFECTS SF POSTULATED 
CleS aS teeY aRe BB7H FLACTYANING INOEPENDENTLY AND INT ERALT 
wprk Cues IN eTFeR MODALITIES. EXPERIMENTATION IS Re COMMENDED 
mRYCK will Leal 78 veRIFICayr1ON OR MOD FICayreN OF CUE 
FPSTLLATIENS. 


TOES ETECTE REO CE CCE SCC ECOSOC COARSE EER REE ELE TPA OS 


MATKERNY, WeGe, LAWES, Aske AND BYNUM, VJAe TO MOVE BR NOT TO 
MAVE Tre PROBLEM af MOTION IN TRAINING SIMULATORS, IN COMMEM. 
PRATIye TECHNICAL JOURNAL, NAVAL TRAINING DevICe CENTER 25TH ANe 
NIVERSARY NAVTRADEVCEN LHe2035 NOVEMBER 19716 


¥ 


* ABSTRACT * 
IX TRIS PAFER, AN EXAMINATION IS mADE 8F THE TRAINEE PROBLEM IN 
AN ATTewpT TO SBRT BUT The ImMPURTANT VARIABLES, EXAMINE THE 
VICeNee AND CRak CONCLUSIONS, THE GUeSTION OF MOTION yS NO 
S716 TS TAKEN UP AND aoe TRAINER MOTIEN IS TO Be USED BR 
StLC TED, The IMPORTANT FRABLEM OF ThE GUANTITATIVE PHYSICAL 
CeSCRIPTION 8F tee TRAINER MBTIBN IS DISCUSSED IN SOME DETAIL, 
VAS TABLES SF PPR ST ANSE UPON WHICH the UTILITY 6F MOTION IS 
CeFeNCeNt ARE Tee EXPERIENCE LEVEL OF THE TRAINEE, THE RESPONSE 
CYNAMICS OF The veEHICLE BEING SIMULATED, THE MANEUVERS BEING 
FePFORMED AND Tee VISUAL DISPLAYS BeING USED BY THe TRAINEE, 
Tee INTERACTI Ve EFFECT OF THESE VARTABLES WITH MOTION IS 
CA9NSICEREC. 


POR PUTTUCVESESTCOCE LOCOS C ACCESSES EEE AS TAD ee ek tl 
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MATHKT ANY, WeGey LAWES2 AelLe AND BYNUMs YoeAo 'AN EXPERIMENTAL 
INVESTIGATION fF TRE RELE SF MSTIAN IN GROUNDeBASED TRAINERS', 
LIFE SCIENCES, KURST» TEXAS FOR THE NAVAL TRAINING EQUIPMENT 
CENTE Re REFSRT AR. 71ieC#CC75=12 APRIL 1974+ AD NOe 7786656 


* ABSTRACT « 
TET ELRRaSE BE TE STUDY WAS TS PRAVIDE DATA RELEVANT TO THE 
SETCIFICATISN AF MATION REGUIREMENTS FAR GROUNDeBASED TRAINERS 
Fak apPRCPAFT FILATS. TRE STUDY INVESTIGATED ThREE CATEGORIES EF 
MATIAXS KA MATIAN, MATIAN CARRELATIO WITH THE BUTPUT BF THE 
ATRCRART EGUATIANS ANO VISUAL DISPLAYS, AND RANDOM UNCORRELATED 
MeTTEN, ENT MaNeMACFINE SYSTEY BUTPUT MEASURES» AND BPERATOR 
ALTFLT MEASURES wee USED AS MEASURES BF PERFORMANCE IN 
STIPYING TRE EFFECTS OF TRE EXPERIMENTAL CONDITIONS, 


TT was CANCLLEEC TRAT UNCBRRELATED MBTIAN IS EGUAVILENT TO NO 
METTIAR CA LANG AS TEAT MOTION IS BF RELATIVELY HIGH FREQUENCY, 
aT thaT IT IS GlLeESTIGNABLE WHETRER USING MOTIGN SIMPLY AS A 
PREAKLOGBSE PRENSMENAN ITS WORTH Tre EXTRA EXPENSE BF MOVING THE 
TRAINER «© 


‘tte R-sPECT 7A CORRELATED MOTION, IT WAS FEUNC Thay IT OIFFeRS 
SpINyF yCahly FRAM manele ue Merr@Nn, AL yHALGH The PILOT1S 
CaN yRau 1,F sY’ster AL TPUY AS tre SAME UNDER UNCBRReLaTED AND 
CPS Lagel MAy TON CONDI y7IANS, aA CIFF ERENT TECHNIQUE WAS USED BY 
the Pyles ENCES pee Twa CAND TIANS, 


Titre ee eee ee ee eT ee eee eT ee Oe eee eRe eee eee PPP Se 


MaTkenY, WeGe antl WILKERSON, Lege FUNCTIONAL Tee eats FOR 
ERPUNC BASED TRAINERS: MOTIGN CRARACTERISTICS, LIFE SCIENCES, 
INf, Fr, wORTR, TEXAS, (FEBRUARY 4966) 


b Nves en a ABS PASTS hc tte st aseant au? 
YT. Fis Tovesy Gare ME Cove VEE” ETE ESTE WhetHeR aNy 6F 
Ie Maran Ee ARACTeRISTICS oF rh LIGHy TRAINING hh Etc PreR 
PrpRayeR AND whe gher THESE SENSATIONS COULD Be USED BY HIM As 
TRF REM yyy BN saukc,é FAR CBNs gl 1F SUCH CUgs ARE FEUND 7G Be 
FR, Spar aNC LSeFLL, We ARE INTERESTED IN EXAMINING THE EXTENT TA 
shIChk S_MLLATIAN BF THESE MATTINS IN A TRAINER MIGHT PROVE 
PeNeEFICIabe 


tee Soll TS AN The Cree ate eee TO the CONCLUSION THAT THE 
METTAN SF The heL{CAPTER Ses PROVIDE ~a PHYSICAL STIMULUS WHICH 
1S CysC8yMINabl_ BY TRE BPERATIR a~hD UseFUL as a CUg 78 HIM IN 
exehCrsynG Clasel LasP CeMPensaT6RY TRaCKING CONTREL, ALTHEUGH 
Pr@eCy eMFIRICAL evrDeNCe 15 NAT avAlLa@le, We CONCLUDE THAT 
epkeS yEPRayORY MAyTHNS OF zke FEL ICOPrER WHICh INDICATE THe 

cv Ler e ht BF LALSUaL FLIGHT CONDITIONS 8R MaLFUNCy]6NS ARE 
TTeCRIMNAPLE PY zke OPERATOR ANC CAN PROVIDE INFORMATION AS 76 
Tee SqAte OF phe ATECRA T IN ADVANCE BF VISUAL INDICATIBNS, 
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hTTh REGARC T§ The INCORPARATIIN BF MaTTAN INTe GROUND taseD 
TRAINING CeviICes FOR The LIGHT TRAINING MeL ICOPTER, THe 
EvICenCe INDICateO that TRaYNING NAT BNLY PROCEEUS FaSTeR IN THe 
TRAINER ALT A GReaTeR AMGLNT BF TRANSFER IS SBTAINED WHEN The 
TRAINER WAS INCORPORATES IN IT The MOTISNS OF PITCH, ROLL, YAW, 
aN! keaye, Tee CeCISION aS 78 weeyheR MSTION SHBULE Be 

TNESRPOR ATED The THE TRADNERs HOWEVER MMST be Ue bel Tee 
LySky BF Tee TRAINING PRgGRaM IN WHICH y7 WILL Be UsSeD AND THe 
VAFIALS COSTS JAvelLVeD, FoR EXAMPLE, IT MAY Be ESTIMATEL FROM 
TRE CATA RePRRTED BY FECCERSEN (1962) THAT APPROXIMATELY SIX 
hkALRG IN A FIxeC BASe SIMULATOR PLUS SiMe TWeNTY MINUTES IN THe 
ReLICaPyeR *ILL FRADUCe A Le Vel BF PROFICIENCY pol Valen T6 

4 1/2 FALRS IN A MBVIN BAS. SIMLL ATOR is APPROXIMATELY TEN 
MrSires JN The FELICAPTER, HIS SLIGHy ADVANTAGE OF THe MOTION 
FLaqP gk MyGhr BECOME MUCK MORE ATTRACTIVE IF UNE CANSIDLRS 

the aClryIiNal LS_ OF rh, Me TIN PLatFaRM FOR TRAINING IN 
FeCRGNyppOh SF vrBPaTORY MbyyOBNS PeCULya~R 7O zhe UNUSUaL BR 
MALFUNCTION Syates BF The apRCRaFy, 


AUR cy aMINaTIGh BF tHe FRASL_M_ INDICATeO PHAT THE PITCH, RULL 
ant Bee MAyyTSKS shale Be ENCBRPERaTED nyt ANY Merreh * 
FLATFARM. HOheveR, UNTIL THe CASTS Cak Be REDUCED, THe Yaw 
Merran kKOLLD FRaB~BLY hay Re WORTH ITS CAST. 


the PagsyEth yyy AF yNTREOLC NG MATION CUES 18 THE PILOT THROUGH | 
METIGNS AF re FILOTIS SEAT pa THAN MOVING THe TOTAL CABIN 
nas c kaw TNE © TRE FINOINGS aRe UGGESTI VE THaT TRIS MeTHaD OF | 
TYE aRy NG “OTrGN furs T8 THe OPERATAR chAULD be GiveN FURTHER 

EXPeRIMENTAL [NveSTIGATION SINCE It OFFERS A MUCH MORE 

ECAKAN 1EqL Me The FAR INTRADUCING THESE CLES, 


IF PXe TS TO INCARPORATE MATION CUeS INA A GROUND BASED 
TEATNER, CeCISIANS MUST Be REACHED AS TE The CFARACTERISTICS OF 
TRAT PYTTBN IN TERMS OF ITS ACCELERATIANS, RATES, AND DISPLACE. 
MeN7TS, the KYPSTRESIS IS ADyANCED THAT The RATE SF BNSET OF 
ACCELERATION FRAVICES A SUFFICIENT Clg TO The OPERATOR TO ASSIST 
kr’ tN CLOSEC LEABP TRACKING CONTROL; FAweEVER, THIS HYPS8THESYS 
SKSLLC Be TeSTeC EXPERIMENTALLY. THE USE SF The RATE OF ONSET 
RE ACCeLeRATISN AS The Cle 16 Tre SpERATAR WAULC PRByIDE CERTAIN 
ECANGMIC MSTIGN PLATFORM CANSTRUCTIONe 


IN TRAINERS INCORPORATING MOTISN He Pry8t POINT BF THE MOTION 
SeLattye T9 The POSITIAN BF ThE OPERATAR IS CANSIOERED TH BE 
IMFAR TANT ANC THIS PIVOT PAINT SKAOULD Fe KEPT AS CLOSE TE THE 
ACTLAL FyVOT FAINT YN TRE VERTCLE BEING SYMULATED AS POSSIBLE. 


TREE FeNBLEY OF MATIBIN CAgRELATED WITH THE VISUAL DISPLAY 
INCICATIANS yeRSUS MAyEMENT WHICk IS RANDOM, UNCORRELATED AND 
VIPRATIRY Tly NATURE WAS CONSIDERED. IN CORRELATED MBTIBN, THE 
FRAERIICEPTI VE Cues ARE CORRELATED wWITr THOSE RECEIVED BY THE 
vVISLaL SeNSeS wethLe IN UNCORRELATED MOTION, THIS SYNCHRONIZATION 
IS N87 PRESENT, IN VIEW OF THE SUCCESS REPORTED BY DRENTZ 
(1988) IN USING A SIMULATOR JNCBRPBRATING UNCBRRELATED METIBN IN 
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TEE TRAINING 9F FRENCR re LIC@PTER PILOTS AND TRE SURJECTIVE 
EVALLATTION 8F SLOF SYSTEMS RY TKE AUTHARS, TRe CO8NCLUSI6N SEEMS 
SARE AR TED THAT A TRAINER wITh UNCBRRELATED MBTIEGN WRICH HAS 
CROPe Re SYSTEMS RESFANSE CYNAMICS wSULD PROVIDE A TRAINER FOR THE 
CITTKT FELICOFPTER weICk IS NEARLY BFTIMUM WITH RESPECT TE 
TRANSFER BF TRATNING ANC CUSTe THE REACER, HOWEVER, MAY FEEL AS 
SP TRE AL TRURS TRAT THESE CONCLUSTONS SKAULD BE CHECKED 
ryFe sre en TALLY BEFARE DECISTANS INVOLVING LARGE EXPENDITURES OF 
FLUSPS ake MACEe 


eee ee ee eee eee eee eee eee Ce eee ee Ree eee eee eee eee eee 2 


MATEENY, WeGe AND WILKERSAN, LeEe FUNCTIONAL REGLIREMENTS FOR 
CEALS PD ebASEO TRAITNEFRS$ FELITCUPTER RESPSNSE CHARACTERISTICS, 
LrFe stip NCeEs Fa BFUMRFE, HUMRRE TECHNICAL REPBRT 70-175 UCTOe 


te £ERE8 


* ABSTRACT * 
TRE yp hall RespaRCk PURPOSE WAS 79 DeEyelLOP MeTKAUS F@R 
\NALYZING THE RELICAPTER PILST'S CUNTRAL TASKS, AS A BASIS FER 
PeCIMpNg CRARACTERISTICS Neg lel IN a GREUND-BaSED TRAINER FOR 
Lsr Th ck hT TRAINING. TRIS REFGRT COyeRS BNE PHASE, THE 
SeCFUNSe ChaRaCreRISTICS SF tHE FeLy}COPreER aS It Reacts 76 
Cekyeie pNPUTS p~XO extemryal FakCes, aralYSes weRe Ma0e GF 
cA) ChaFaCteRIS7ICS 9F cack DyMeNSTSN OF CANTROL, (By) INTERAC. 
TLON AMANG Tee CyMERSTONS sGJEE REE CT 6F EXTEND AS FORCING 
FUSCyy NS SUCK aS “NU, (6) INFORMATIAN THE PILOT ReCelyes BY 
ephesqteetTIC FeelrRaCk FRoM The CANTPALS, A MEASURE OF MANe 
MaCkIN: SYSTEM CRARACTERISTICS WAS PBSTLLATED. The EFFECTIVE 
TIMe CONSTANT, The TI”eE IT TAKES FBR THe CISPLAYED GUTPLT OF 
Ter SySTih TO kySe ABBVE THe PILOT'S THRESHOLD GF FERCEPTION, 
SEALING yl the ErreCTS SF INTERACTION AMONG THE CENTRBELS 
FRPyet Te Be Bhe BF Tee MAST DIFFYCULT, THE CFARACTERISTICS OF 
THE SySrpeh wek, ICENTIFIEC IN SUCK A WAY THAT THEY CAN Be VARIEC 
CLANT I TArIveELY IN PeSeARCr ON TASK DIFFICULTY AND TRANSFER OF 
TRATN It Ge 


Ma RERR REPRE See eee eee eS PREP Cee eee eee eS eRe SR Pe PA 2 


“So, he, phe SELapIve IMPARy~ANCE BF PHYS]GLEG;CaL AND 

yPoehal FaC SRS YN PRAVICING REALISM IN FLIGHT SIMULATION, IN 

FR'Ce DENES par Cay SYMFUSTUM JN FLYIGHy TRAINING SIMULATORS FOR 

Ter 7005, paTheygTh SCTSPE’ 497¢a PAYAL AERONALTICAL SOCIETY, y 
N PLACE, LeKC3N IV GEG. 


MATTE 


Fc 
ba’ Th yen 
* ABSTRACT * 
AST Aly (SF MAyytin Rp LEVANT INFBPMATIAN) 
FeYorntAGrCal Cles ake NORM~LLY CanCeRneO wrth The REACTION OF 


Tee PYLAt TH Tee FLICKT BF tee AIRCRAFT, THESE ARE MAINLY 
Mergen CleS aSSCCrazel WITH ANGLLAR AND TRANSLATIONAL MOTION, 
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AS GROLAD BASED SIMULATBR TECKHNIGUES have MANY LIMITATIONS We 
SFALL NOW CONSICER SOME TYPICAL SyMULATION TASKS IN ORDER 7é 

EMPhaStZe THE Relative IMPAR TANCE OF PrYSTSLOGICAL aND vySU aL 
CLLes yN PROVIOING TRAINING IN THOSE TASKS. 


e PRECECURE TRAIKER = NO MOTIABK 

. UNSTREMENT TRAINER 2 BASIC MBTIGBN SYSTEM NGRMALLY EMPLOYED 
ATTEMPT FULL MOTION SIMULATION, 

TAKEOFF aNC LANDING SIMULATOR . MATION SYSTEMS BF HIGH 
FIOELITY wITH AT LEAST PITCh, RELL AND HeAVE ARE NORMALLY 


wn — 


tad 
s 


LSECe 

i cere ee LANDING syMbLaye@R . MATION F el 

SN ROBLTEs STIMULATOR 2 LIMITED MOTION AND yISULAL CUES ARE 

NECESSARY, 

be TACTICAL SIMULATOR 2 “O7yON SYSTEMS WILL PROVIDE PyTCH, ROLL 

ANC HEAVE wITR EITHER SwaY OR Yaw OR BATH, 

7, ATRetOeAIR TARGET ATTACK SIMULATOR . MATION REQUIREMENTS CaN 
Ac IMPORTANT Cle TO Tre FIGH Rate tF MANcUVeR @F COMBAT 
ATRCRAFTe 

a. vETSl SIMLLATARS »« MOTION SEGUREN ENTS CeReMeENT ON THE 
tYPe @F VerTCke AND 17S MATION CHAR aCreRISTICS BUT UP 78 

5 C GREes GF FReEDBY FAveE ALREADY BEEN USEC, 

Sp,ce CrGhT syMULATAR -« NO aPPaRENT MOTION IS EXPERIENCED 

t\ SPaCe,y yee eSSeNTIAL Need IS FOR ABSOLUTE yISUAL REALISM, 


were rerPreRRCECEOCEPCELCCSCOSOCCS OSS OPEC EC STEERS SEER SASSER ELE SRE SE ST 


Metre aS, N48, ANC MARTIN, CyAc, CRANFiplLO INSTITUTE SF TECHe 
NelaGY, CRANFrIeELO, BeEOFeRC. 

The De ye LOPMENT AKD EyALUATION OF A 'Gr nT FOR A HIGH PERFOR, 
“aXe trary AITRCRAPT TRAINING SIMULATOR, 

PRESENT C AT AGARC 3 TING @N PILATED ATRCRAFT ENVIRONMENT SIMUL 
LATIAN FECHNIGUES, B Essecs, BELGIUMs 24°27 APRIL 1978+ 


* ABSTRACT # 

*EILST The SPLNTANS OF TKBSe INVOlLyeD CAULD ReFLECT GENERAL 
REINTSN, IT IS KNOKN, USING EXPERIMENTAL TERMINSLOGY', THAT THE 
RELIABILITY 8F RESULTS CETERMINED FROM A SMALL BIASED SAMPLE 
LSING SLBLECTIVE METHODS BF MEASUREMENT IS VERY LAW, IN CONSE. 
GLENCe, AN EVALLATIAN PROGRAMME WAS CARRIED BUT BY A SAMPLE OF 
TRENTY PILOTS FREY RLALE, TRAINING AND BPERATIONAL SQUADRONS aNC 
FRI” FLIGET TEST ESTABLISHMENTS, THE gyALUATION WAS CARRIED BUT 
LSTAG SLALECTIVe ASSESSMENTS IN CONJUNCTION WITH PILOT PERFOR. 
MANCe MEASUREMENTS, THe AIM OF THE ASSESSMENT WAS; 
(A) 739 INveStIGAre IF A 'Gt SEAT APERATING BN ThE PRINCIPLE 

BF yRE CRaNFYELD 'G' Seat WEULD Have TRAINING VALUE IN a 

FLLL MISSION SIMULATOR, 
(Fy) 19 CeTeEFMINeG AREAS IN wHICh THE SIMULATION WAS SATISFAC. 

TARY, INACEGUATE, BR EVEN INCORRECT. 
NeTE, Tee EVALLATI gn OIC NAT ATTEMPT Ta MEASURE TRAINING 
eFFecTlyeNeSs, 
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Ma7ER, ®, TRE G SLIT IN CAMBAT. 'AIR SURGEON'S BULLETIN, 


* ABSTRACT # 
TRE FLERFOSS AF TRIS FAPER WAS TS PFESENT DATA ON ThE USE OF THE 
© Slit LNCER APERATIONAL CANDITIGNS IN THE EIGHT AIR FERCE,. 


Tere ee eee eee eee eee eee eee Pe Re PPP SEP RP PPP eee eee ee eee eee 


MCCALLEY, Mekes ROYAL» wote, WYL IED CeDes B'HANLON, JeFe AND 
MACKIE, PeRe MATION SICKNESS INCZDENCEs EXPLORATORY STUDIES OF 
LAPTTLATIGN, FITCR AND ROLL, ANC THE REFINEMENT GF A MATHEMATI- 
CAL “GCELe RLMAN FACTORS RESEARCH» INCe FOR THE BISLEGICAL Scie 
chCes PYVISIAN, +OFFICE OF NAVAL RFESEARCHt, ARLINGTON, VA, RPY 
1732e2+ AFR 19766 


* ABSTRACT «# 
aA tpeRyeS OF cYFeERIMENTS GN HUMAN SUBUYECTS ASSESSED THE EFFECTS 
@F Fy¢Cr AND RSBLL ANO HapitUaTISN 38N MBTION STCKNESS INCIDENCE 
(MST), PITCR ANC RALL ANGULAR ACCELERATIONS, EVEN LARGER THAN 
exPecteco AT SEA, FAILED T8 SYSTEMATICALLY INCREASE MSI. HABIT. 
LATTIN waS EVICENCEC IN SLSCePTIeLE SUBGECTS wRA ReCelveD CON, 
SeCirpyp CAILY yehOLR OR BeHBUR EXPASURES TE yERTICAL MOTION, 
ha? TTLATTGN WAS GREATER FOR THE LONGER EXPOSURE AND THE MORE 
Seve MATIONS, a MATHEMATICAL MOCEL CeSCRIBING MSI AS a FUNC. 
TION BF tee FReGLENCY ANC ACCELERATION SF VERTICAL GSCILLATION 
saS ScFyred BY TNCLLDING exPOSURe TIME aS AN INDEPENDENT VARI. 
AElLe, [INVESTIGATION OF F BaUENC eS GF BSCILLATION ABOVE 45 HZ 
rank haven THe FReECICTION BF The MODEL THAT MSI CONTINUES TS De, 
CReaSp af A FUNCTION BF FRegueNCY FAR aLL FRegleNCIeS GREATER 
TEAR APFIKOAXIMATELY 016 Fle 


WEP PPR P PRESSE OPER E SELLE LEEPER CS EPPA eee eS 


refeanne lh yh) Fyler atria teECHNIQUeS FOR THe ESTIMATIEN AND 

cyALLATIAN BE CRANCLING GUALITIES, TECK, REPORT AFFOL-TRe 8°76a 
ATE FLECe FLICK DYNAMICS LaBSRATEFY, ATR FORCE SYSTEMS CBMMANO, 
“RICKTSFATTERSON AFR, SF, DEC. 19686 


* ABSTRACT # 
ALTEELGH RATING SCalLeS BF vaRTEO FERMS KAVE BEEN WIDELY USED TO 
ESTIMATE AND EVALLATE MANDLING GULALITIFS OVER THE PAST DECADE, A 
NUMAck OF DEFICIENCIES IN BOTH METHAD AND DATA BASE HAVE BEEN 
APPARENT, TRIS INVESTIGATION “AS AIMED AT BvERCOMING MANY 6F 
ther CeFICTeNCres BY ATTEMPTING TU ResOlve The CIFFICULTIES Exe 
FeTrenCer afth RaTING SCales THEMSELVES, AND BY EXTENDING AND 
ACTING 7A AbRe aly EXISTING RELATIGNSHIPS BETWEEN RATINGS AND 
FILPryvehIChLe SyStEM PARAMETERS, 
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RATING SCALES Fave CAME UNDER INCREASING CRITICISM FAR PROBLEMS 
SLOR as wORDING AMBIGUITY, THE DLAL MISs1eN CRKARACTER OF SOME 
SCALES, TRE NOALNYTFORMITY IN tHe DISTRIBUTION BF meSc al Jere Ne 
CRAcS Tee SCatce, aNO THe MislUSe OF SCALES WHICRK HaS GCCURRED 
aFEN RATINGS Fave GeEN AVERAGES, PSYCHBMETRIC METHODS PROVIDE 
ah appRSaCk TO THeSe PRA@BLEMS, AND JN THIS STUCY weke USED 78 
SCALe SeveRAL PRRASES OcSCRyPTI ve OF VEHICLE FANOLING GUALITI¢S, 
TELS, GUANTITaTI Ve ChARACTERISTICS WeRe DERI vel FOR CONTEMPORARY 
SCALES THROEUGE Tre LSE 8F THe MeTHOD OF SUCCESSIVE INTERVALS, 

ah XFERTMENT wAS CONDUCTED WHICK aDOEl TH AVAILABLE DATA Relay 
Tike CéerFe™ RatINGS AND PILerysverICLe FARAMETERS, AND wHICH ALsé 
TeStFC SAME FATENTIAL ALTERNATE SCALE CANDIDATES, THE CORRELA. 
TISN Resul 7s INErCate TRAT RaTINGS aRe PROBABLY BasSeD UN PERFOR. 
MaNCe AND THe DeGRee OF OIFFICULTY EXPERIENCED IN MAINTAINING 
rhe PerFARMANCE, TRE DIFFICULTY IS MOST EASILY REPRESENTED By 
tke PILO7 FGUALTZATION REGUIREO AND THe veHICL_E STICK CHARACTER, 


ISTICSe 
PTECEVUCECOCICC COC Cet ete tt etre T Tiree Peter ree eee es 


MCFARLAND, ReEs A STANCARD KINEMATIC MADEL FoR FLIGHT SIMULA. 
TI®N AT NASASAMES, COMPUTER SCIENCES CORP,, MOUNTAIN VIEW, 
CalIF, FAR NASAe NASA CRK#2497% 19758 


* ABSTRACT # é 
a SpaNCaRC KIN,-MATIC eke FOR AIRCRAFT SIMULATION EXISTS at 
NaSpcames UN pA VA IeTY 8 CEMPUTER Serene ONE 6F WHICH IS 
Leech 79 COhyREL pre FLIGHT SIMUL a7AR FA aOvan gO arRCRaF 7 
cFEAay, The CekIyarION OF THe KINEMATIC nee IS GlveN ano 
vARTSLS MATHEMATICAL ReLaTIONSHIPS ARE FReSeNTED AS A GUIDE Te 
INTeFe Stel FACILITY USERS, — THESE the LUCE DESCRIPTIONS 6F 
STAND ZRCTZE9 SIMULATION SLESYSTEMS SUCr AS THe ATMOSPHERIC 
TUSBLLENCE MBCEL ANC THe GENERALIZED SIxeDEGREES-6F.FREEDOM 
TRIM RBLTIN AS weLL AS AN INTRODUCTIGN TB Tre EMULATIV_E 
CATCh. PRACESSING SYSTEM wkICk ENABLES THIS FACILITY T8 OPTIMI7Z¢ 
TTS REALSTIME ENVIRONMERT. (ALTKOR) 


TTwRPePEPPUCESERPESC EVES EC LSE REESE ARES ERA EERE REE RRR SEERA AE ES 


“Coalch, MF, AND KALMAN, GL, BPERATIANAL TEST IT OF Chey7CS 
SYN\ThETIC FLIGHT TRAINING SYSTEM (2831) (SFTS)e UeSe ARMY 
TEATKE RG ANDO CACTRIKE CAMMAND, REPORT 22368728 TNI37"04s 31 

Pr TARER 19776 


* aBSTRACT * 
TRIS RepART ACCRESSES OFERATIONAL ISSUES RELEVANT TO THE CHe47C 
SYATRETIC FLIGHT TRAINING SYSTEM AS TESTED IN INSTITUTI@NAL AND 
CSMPAT REACINESS FLYING ENVIRONMENTS. FINDINGS RELATED TO THE 
CAPABILITIES ANC LIMITATIONS 8F ThE TEST ITEM EXAMINE SAFETY, 
INSTRUCTAR /BPERATOR TRAINING, The AUTHENTICITY GF MOTION, 


if yISLaL, ANC SALAD SIMULATIABN, AND TRANSFER OF TRAINING FROM 
SI”LLATBR TO AIRCRAFT, A CUMULATIVE TRANSFER EFFECTIVENESS 
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ATI) © ¢72 WAS CALCLLATED FROM THE SIMULATBR TO TRE AIRCRAFT 
IN Tee INSTITLTIGNAL ENVIRONMENT’ THIS REPORT WILL BE USED Te 
FREMLL ATE A TRACAC FASITION FBR THe DEVELOPMENT ACCEPTANCE 

Th FRBCESS KEVTEWe 


Wate reRerEeeeeePerereeSeee EPCS RSE ERP ASE RRR RSR RR RR SEES SR ESE ESE OS 


MCXEE, CeWe SINGLE -DEGREE SBF «FREEDOM S]MULATOR INVESTIGATI6N OF 
EFFECTS AF SUMMARY CISPLAY*INSTRUMENT SIGNALS 8N MAN@MACHINE 
CANTK GL e NASA 'TECKNICAL NOTE' Ce1l48, LANGLEY RESEARCH CENTER, 
LANGLEY FIELD, VAes DECe 1959 


* ABSTRACT * 
A LIM]TEC STLEY KAS BEEN MADEs LSING ANALBG COMPUTING 
SGLUTEMENT, GF A MARTS ABILITY TA CANTRAL '6N INSTRUMENTS! AN 
INFRTTA wITH A FRAFARTISNAL ACCELEKATIGN CANTROLe A SINGLE® 
NEGR&E eBF eFREECAM eyoiEt WAS SIMULATED, AND, AT TIMES, IN Apel i 
TA TNChEASE TEE DIFFICULTY OF THe TASK, UNREALISTIC DISTURBANCE 
INPUTS AND SYSTEM INSTABILITY WERE USEC, THE STUDY WAS 
LNTERTAKEN TA EVALLATE FERFSRMANCE BBTAINED WITH THe INDICATOR 
RefMan NG TO CysplaCemeNt aND WITH ANTICIPATION PRA@VIDEC By 
ACTING vplOCIty AND aACCeLERaTISN SIGNALS T& The INDICATOR, 


Tre SUMMING SF CySPLaCrMENT ANC veLBCITY SIGNALS IMPROVED 
CeSFARMANCe ANDO Ral THE EFFECT BF PROVIOING SYSTEM CAMPING, 
the ADDITION BF AN ACCELERATION SIGNAL WAS BENEFICIAL IN SOME . 
INSpaNCeS BUT wAS DeSTABLIZING IN THE ABSENCE OF A VELOCITY 

SIChALe (AUTFSR) 


wre rnrrerrcrererrPPPTCOCOLECCCVeLCRS SES ESE REPS RSE ARES ERASE A SD 


MCKec, Cyh, A TREREESAXIS FIXEDSSIMULATAR INVESTIGATION OF THE 
eFFeCys5 iN CANTRAL PRECTSTON BF vARTOUS WAYS GF UTILIZING Rate 
STENALS, NASA tTECKNICAL NOTE! De5e5, LANGLEY RESEARCH CENTER, 


LANGLEY FIELD» VAs CAN® 19616 


* ABSTRACT * 
A TRE AXIS veFICh_e CONTROL STUDY HAS BeeN Male BY USE GF A 
Frxeo SrMLL aTeR aC ANALOG COMPLTING EGUIPMENT, TE EVALUATE THE 
rFFEC TS AF VARTALS hAYS BF UTILIZING Rate INFORMATION. A SIDE~ 
ak CANyRELLER FRAVIDING PRAPORTIANAL ACCELERATION CONTROL WAS 
Leh with A SIMLLATEC VEeRICLE HAVING N6 INHERENT STABILITY 6R 
TaMFING, VeERICLeE Rate SIGNALS WERE USEC TH PROVIDE CONTROL 
FerCrack 6K SYSyeM CAMPING aND WheRE USED IN THE INSTRUMENT 
PLSFLAY eITHER SeFaRaTe FRAM BR SUMMED wITH DySPLACEMENT 
SIGNALS « 
Np aR Sh ryMUM FeRF ARM ANCE BF BOTR TRANSITIONS JN ROLL AND 


CSN RG AF SYster DySTURBANCe WAS OBTAINED BY USING A 
COMP INay ON BF SYSTEM DAMPING ANC SUMMED DISPLACEMENT SIGNALS 


AKD Fate STGNaALS. 
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TRERT EP TESS SECS ORES ERLE ESR POR REE EERE ESE REAR ERE RSET 


MCLANE, ReCe ANC WIERWILLEs Were 

THE TAFLUENCE GF MeTIOh AND aUCTA CUES AN DRIVER PERFORM aNCe 
IX AN ALTBYBRILE SIMULATOR 

KLMAN FACTORS, 19754 17(5)s 488*501 


* ABSTRACT * 
A FIGRkwaAY ORIVING SIMULATOR WITh A COMPLTEF GENERATED VISUAL 
PISFLAY, PRYSICaL MATION CUcs BF RELL, YAW, ANC LATERAL TRANSLA@ 
TIA, ate VELBCITTYeDEPENCENT SPUNDsVIBRATION CLES waS eel t 
INVESTIGATE Tre INFLUGNCE AF THESE CUges 8BN DRiveR PeRF6R ANCE, 
FeRTY cIGRT STUCENT SUBUeCTS WERE RANDSMLY ALLACATED TA SIX 
cxFeR ental GROUPS, gFaCk GROUP BF EIGHT SUBUECTS EXPERIENCED A 
UN TGlie CaMBINaTION BF La: MeTION aND ALOIG CUeS, TE CONTROL 
GROILP ReCelv_el a FULL SyPULarI9N CBNDITION While EACH OF THe Rew 
WaIhiNG Fite GRALPS sf pacha D WITH CERTAIN COMBINATIONS GF MB, 
TIPN pdt SABUNC Celeve « EACH ORT yeR BENER ATE? NING MINUTES 6F 
can IbuGka Carta FRAY WyCek Frye PeRFORMANCe MeaSURes wee De. 
Frvel, P_eSULys yNOyCate THat The PeRFARMaNCe MEASURES GF Yaw, 
LateSab, add veLaciry CeviIaTI€® aRe- SIGNIFICANTLY AFFECTED BY 
the CelbeyISN 6F ClLes, IN SUPPSRy BF Tre HYPOTKESIS THAT ORI v_eR 
EERE A MaNCe IS sUGriEm TED BY tHe ADDITISN OF MOTION CUES, STATISe 
TICALLY SIGNIFICANT NeGative CORRELATIONS were BBTAINED BETWEEN 
THF ALMBER §F Metlan tues PRESENT AND THE MEASURES 6F YAW AQD 
Late Ral OeviIaTIAn, mite BES EST 78 M@y1ON AND abOr6 Cues, 
RECAMMENMATIONS ARE MaDe ReGARPING SIMULATOR DESIGN CRITERIA, 


PrOererererer Cc eEOPCCCCOOC OSES eS EPPA RE TESA SERRE RARE RRR ARERR RRO OD DD 


MCLalgeLyN, “C0, SyhULayBR [NveSTIGATION BF MANELyeR SpPeel INS 
CREASES 8F AN SST CONFIGLRATIGN IN RELATION TO SpeEE MARGINS, 
NASA «TECRNICAL N@TEt Deycas, "LANGLEY RESEARCF CEATERt, LANGLEY 
STATIAN, FAMPTAN, VAs SCTe 49678 


* AQSTRACT * 
a FReLIMINARY INveSTIGATIEON HAS BeeN MADE SF AIRSPEED INCREASES 
FRA” LCESETS IN PITCH, PLSHeAvERS, LONGITUDINAL TRIM RUNAWAYS, 
AKT aBakCONS BF CaN TROLS AND SIMULATED APERATIUNS IN THE AIR 
TRAFFIC CONTRAL (ATC) SYSTEM FOR A GENe RAL IZED DOUBLE sDELTA 
SLFERSONTC TRANSPORT (SST) CONFIGURATIAN FOR Tre PURPOSE OF 
ASSESSING THe SyeRSpeEDING IN RELATION TO THe TENTATIVE SpEED 
MASGIN, A PILGTEC FIXECeBASE AIRCRAFT SIMULATOR WAS USEL IN 
The INvESTIGATIE6N, TESTS WeRe MADE FOR CLIMB, LEVEL FLIGHT, 
AND M_eSCeNTt CBNCITIENS ALBNG ThE MAXIMUM OPERATING LIMIT SPEED 
FR°FILE, FESLLTS SKAW THAT AT SUPERSONIC SPEECS THE 765 DEGREE 
LESeT MANELVER, CLFRENTLY PROPSSED AS A STANDARD FBR ESTABLISH. 
ING a SFeECl MARGIN, PROVIDED A MARGIN GREATER THAN THE SPEED 
exXCLSsrarS RESLLTING FROM BrHER MANEUVERS, ThE 705 CEGREE 
LFSet MaNeLveR, bOnxeveR, MAY BE UNSUITABLE FER ESTABLISHING 


ia SveRkSeee0 CRITERIA FOR The SST AT SUPERSONIC SPEELS BECAUSE OF 
2 tke INCREASE IN ENTRY TIMES ByER SURSBAIC vALUESe A CONSTANT 
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ACTELESATION FUSKeFVER TYPE 8F MANFUVER APPEARED TOA BE MORE 
SATIANAL AT SLPERSBNIC SPEEDSe IN APERATIONS IN THE SIMULATED 
atC SySTFM, TRE FIL@TS RECSMMENDED THAT, IN BRCER TO AVBID 
FRVGLENT BVERSPFEFCS, THE CLIMB PREF ILE SKBULD BE A MINIMUM 6F 

AT LraST 10 T8 2C KNOTS BELAW TRE MAXIMUM OPERATING LIMIT SPEECe 


(PRP aPC POE E CPSP RPS EP ER SESE PC eee eee Pee eT Pee PCCP Pee ec eee eee eS 


MCLEAN, Ae ThE LSE SF FLIGHT SIMULATIAN IN THE DEVELOPMENT 
NE tke SAAB ASG 37 VIGGEN SYSTE™“e VARTRAG, 
CreattT;\ ALF CEM VITe JCAS KS8NGRES, RBM, SEP 19706 


* ABSTRACT * 
Ih ARDER TH AVATC FILGT TNDUCEL ASCyLLaTION (PIC) TENDENCIES, 
INVESTIGATIONS weRe CGNCUCTED “VER A WIDE RANGE SF STICK 
Faker «nC STICK FaTk PER Ge TE EFFECTS SF TRESE PARAMETERS @N 
Ter PILAT EVALLATION OF TRE tHANCLING GUALITIESt IN THE 
LPMETPLEPNAL CIRECTIAN wEeRE STUDIED, FAR COMPARISEN PURPOSES, 
FLIGRYS »eRe CARRIFC OUT WITR AND WITHALT COCKPIT MOTION, 
PLRING ThESE SIMLLATIBNS NGO NOTICEABLE DIFFERENCES WERE FBUND 
AT Tee EIGEN FREGLUFACIES BETWEEN Oe2 TB O«7 HZe AT AN EIGEN 
FEEGLEKCY SF gee RZ THERE “eRE SIGNIFICANT OIFFERENCES, AT 
Lp 4ST FOR INCREASEC STICK SENSITIVITY. . 

4 

The STIGaTIONS OF The PRIMARY FLIGRT CANTROL SYSTEMS WERE 
CAPRICD PLT AT SaaP USING A PINE DeGRees OF be eee PROGRAM 
(veC3NST) sl TROLT CACKPIT MOTISN,  ThERe WAS AGREEMENT BETWEEN 
FYLAy -yaLLaTIONS TN THe SIMULATOR a~ND CURING FLIGHT, THIS WaS 
chlnk FER Five CyFFERENT FLYGHT MBOES IN THE FIGHTER 
CANFIGLRaTION, FOvevER, THIS AGREEMENT CANNOT BE REACHED IF 
FeR Moog IN The yICINITY OF TRE GFEUND, THe STICK SENSITIVITY 
1S IhCKEASED UNFIL EIS TENDENCIES APPEAR, IN THIS CASE, 
Re ALTSTIC ceVALLATIONS CaN SNLY Be S8yTAINED WIth MOTION 
STVLLATIANe 


WErErEeTPELOLOCERPEOPELOUSCSSESSSC EC OSS CEP S SPCC ACES CCC See eee eee ee Ss so 


hel Pa PreLyaGRaPhy 6% RACKING CANTROLS, 'MeASUREMENY 


evVeremsc, PXCety KOPWALKs CANNECTICUTs YLL 1967% 
* ABSTRACT * 
a PERL TSAGRAPFKY AF 37, REFERENCES BN TRACKING, 
WERE PERPEEELUECEOC CO BPESCE OSS E RS EERSE RSE CERES EE SS ERS AS ERA RSA DD 
METRY, cobs 'TRE VESTIBLLAR SYSTEM AND HUMAN DYNAM;C SPACE 


ekteNparros+ (teCkNCal RereRT Nasa CRagag), MITs MANeVEHICLE 
CANTFAL LAdes TRESIS NO, Tegsets YUN 15656 


* ABSTRACT * : 
The “ATTAN SeENSERS FF The VeSTIALLAR SYSTEM ARE STUCIED TA 
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SETERMING THEIR ROLE IN BUMa~N LYKaM]C SFACE BRIENTATION AND 
MANLAL VERICLE CANTROLe THe INVESTIGATION YIELDED CONTROL 
MAPELS FAR TRE SENSORS» CESCRIPTIONS OF THE SUBSYSTEMS FOR EYE 
STAPILIZATION, AND CEMBNSTRATIYNS BF TRE EFFECTS 8F MOTIGN CUES 
AN CLOSER LABF MANUAL CBNTRBLe 


EXPES IMENTS AN TRE ABILITIES BF SUBVECTS TH PERCEIVE A VARIETY 
SF LINEAR MOTIENS PRAVICECD DATA ON ThE CYNAMIC CHARACTERISTICS 
SF The BTOLITKES, The LINEAR METIAN SENSORS. ANGULAR a~CCeLERaTION 
TREESRSLM MEASLREMEATS SUPPLEMENTED KNaWlheDGe 6F THe SEM] ~ 
CIFCLLAR CANALS, Tre ANGULAR MBTIBN SENSORS, MATHEMATICAL 
vealebs aRe PResente® Te DEesCRIBE THE KNAWN CONTROL CHARACTER IS~ 
TICS BF TRE VESTIBULAR SENSORS» RELATING SUBYECTIVE PERCEPTION 
AF MATION TO ARLECTIVE MOTIAN YF A VEHICLE> 


TEF VESTIBULAR SYSTEM, TRE NECK ROTATIAN PROPRIBCEPTERS AND The 
VISLaL SYSTEM FARM PART BF TRE CANTROL SYSTEM WHICH MAINTAINS 
TRE EYE STATIONARY RELATIVE TA A TARGET AR A REFERENCEe THE 
Caste BLTION GF EACH OF These SYSTEMS WaS JOENTIF TED THROUGH 
EXPERIMENTS INVOLVING HEAD AND BODY ROTATISNS aBOUT A VERTICAL 
aAxlS, CAMPeENSATARY RYE voyene TE IN eek T8 Neck ROTATIONS 
mee CemanstRare® at0 tre IR CYNaMIC CHARACTERISTICS DESCRIBED BY 
A LagaleaC MBCEL, THe EYE MOTIONS ATTRIBUTAELE TO NECK 
R@TaATIENS ANC veS7IBLLAR SyyMULATIAN BBEY SUPERPOSTTION wHEN 
PTR SYSTEMS ARE ACTIVEs 


FLMaN SFERATOR COMPENSATORY TRACKING IS INVESTIGATED IN SIMPLE 
veh Ch_e AR reNyaTION CONTRAL SYSveMS WIth STABLE AND UNSTABLE 

Cat TRall_eC ELEMENTS, CONTROL SF yEHICLE SRIENTATION TO A 
ReFeRenCe IS SIMULATED IN THREE MBDES: VISLAL, MOTIBN, ANU 
CAMAINED, MATIBN CUES SENSED BY THE ye STIBULAR SYSTEM AND 
TRRALGE TACTILE SeNSATIO haste THe @peRATOR 76 GENERATE MORE 
up AC sped aos THAN bs 1XEL BASE SyMULAT]ON WrTh BNLY VySUAL 
INFLT, TRE TRACKING PERFORMANCE BF THe HUMAN IN AN UNSTABLE 
CANTRBL SYSTEM NeAR The LIMITS BF CANTRALLABILITY IS SHOWN 76 
CeFehl BeAVILY LPBN THE RATE INFBRMATIBN PREVICED By The 
VESTTeBLLAR SENSORS, 


POE PUPPET TESCO CCOCOCCOCOC SCT OPA ESET SET RRA SSAA 


METRY, VACHB Le 

MIT CAMBRICGE 

79°34S 

MATTAN CLES © WRENN AND WeY  AIAA CONF MAR 160818 1970 (CAPE) 


* ABSTRACT * 
RaAILY RLMAN ACTIVITY INCLUDES COMPLEX BRIENTATION, POSTURAL 
CPNTRAL, AND M@yeMENT COBOROINATION, ALL THESE TASKS DEPEND UPON 
MAN'S PERCEPTION OF MATIGN, THE VESTIBULAR SYSTEM IS 
BeCAGNI7eC AS Tre PRIME MOTION SENSING CENTER IN THE HUMANe 
aLGMeENTED BY TACTILE ANC VISUAL INF@RMATION, TRE PERCEPTION 6F 
MATION By THe veSTIBULAR SENSBRS JS USED IN MANtS GRIENTATION IN 
THREr eCIMENSTION aL SPACE. MaNeae“ACE VEHICLES Have EXTENDED Tht 
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APFRaATIANG FNVIRANMFAT 8F MAN ANC THEREBY DELEGATED NEW 
RESEPASIRILITIES TA HIS SENSSRY SYSTEM, JLLUSERY PERCEPTION, 
TYF MAVENENTS, aXC CESCRIBING FUNCTIONS BF THE KUMAN OPERATOR 
ARF PYSCLSSEC IN LIGHT SF THE VOCELS OF THE VESTIBULAR SENSORS» 
A TASLLATIAN BF WRETRER AND HB" TA SIMULATE MATIBN INPUTS IS 
ALTLIANeEC ANO EXPERIMENTAL RESULTS ARE BROUGHT TO ILLUSTRATE THE 
STEN TFEICANCE BF MBTIBN INPUTS IN VEHICLE CA8NTRSELe 


water PeP ree eeeeePrEreeERR ROR eR Eee ReR SESE LEO R ESE RE REE SESE EEE RRR PERE SY 


MENCELA, CeKe RECENT EXPERIENCES wITH A FIXED BASE SIMULATBR [NN 
TED TNVESTIGATIAN AF RANDLING AND PERF ARMANCE PROBLEMS OF ThE 
VeTetelLe TRANSFART AIRCRAFT. 'AIAA VISUAL AND MOTION SIMUL Ae 
TIAN TI CHNOLAGY CONFERFACE PAPER! 70°345» CAPE CANAVERAL, Fle 
MAR 16e129 157Ce 


* ABSTRACT #* 
In PRCER T8 EXPLARE TRE HANOLING ANU PERFORMANCE GUALITIES OF A 
FLTLg CIVIL VeTeBebe AIRCRAFT, SOME FAIRLY EXTENSIVE FLIGHT 
er*LiaryeN TRyalLS Mave BEEN CaRR ied BUy BY Hawke, SIDOLEY 
AVIATIAN USING tke CBMPANY 1S FIxeD BASe SIMULATOR WITH AN ALL 
eLeECrRAN;CALLY GENERATED vISUAL DYSPLay, 


TRE SEMLLATOR FLIGHT DFCK WAS EGUIPPED WITH THE COnvENTIONAL . 
MLAL FLYTNG CanpRals ad INSTRUMENT af ace TYPICAL OF SVRRENT 

CET ATPLTNERS, ely WITH S8M_ MINER MOD FyCaTIeNS Me SUIT T 

VeTetet, ROLE, ENGINE CONTROLS WeRe alS@ MODIFIED aS NeCESSaRy, 

ast on» SIMPLE FeaheUr DISPLay WAS INCORPSRaTED, AN ANALOG 

CAMEL TER RAVING SOME 4oQ AMPLIFIERS UAS USED, GIVING SUFFICIENT 

CAFR rCTTCATIAN FOR SOLVING the EGUATIANS SF MOTIEN IN SIX 

CetBees 9F FREECAM. 


Te T PILSTS hrTh CLRRENT JET VeTeBele AIRCRAFT AND hELICOPTER 
FLYING exPeoRIENCe PaRTIC]PAreO IN THE PILOTED TRIALS, BEFORE 
wetCce ree Sawer wAS CALIBRATED BY SIMULATING FIRST, A KNOWN 
wET VeToertelee AIRCRAFT. A CLOSE og ab gg SF SUCH AN 

ATE Cay WAS pChTeveS WITRIN The LIMITATIONS OF THE FIXED BaSe 
Sy'ubLaraP LSel, EAKF [DENCE WAS THLS GaINeD IN THE 8 iy AND IN 
tHe thtek ESTING Re Sul 7S OBraINe’, WHICk ARE DESCRIBE IN SOME 
PeratlL Ih TRIS PAPER, (AUTHOR ) 


wre eee ee TPP Pe PPPS CECE CEC RSEP SUSE PE CEASE TESA SEERA ARS SRE SS 


MEYES, CE on FLEXMAR, ReEos VAN GUNDY, EoAoy KILLIAN, Dobe ANDO 
Lprakar, Code ta STLCY GF SIMLLATGOR CaPABILITIES IN AN OPERAS 
TIONAL PRAINING PROGRaAM1, WRIGHT PayTERSON aFB, OHIB; AEROSPACE 
MeMyCal MESEARCR LApSRATORY, TECHNICAL REPORT AMRLeTRe67=44, MAY 
1S47. 


* ABSTRACT * \ 
Ter exh RIMeENT WAS CUNDUCTED TS CeTeRMINE THe EFFECTS OF 
fr*LiL arSR TRAINING 78 CRITERTAN PRAFICyENCY UPON TIME REGUIRED 
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TR tke aTRCRAFT, CaTa weRE alSO CAlLlLeCreD GN PROF yCy_ENCY 
LEVELS ATTAINED, SELF CONFIDENCE Levels, INDIVIDUAL ESTIMATES 
AF CaPa~Pyly TY aC sBURCES FRAM WhrCh pray CaPaByk yr TY Was 

Peny yer SUBLECTS FAR Tre par Ee IMent weRe yg AIRLINE CAPTAINS 
TRANSITIONING INTO THe CCeg AL*CRaAFT. THE SUBUECTS WERE 
eGlaLLY aSSIEheC 76 ea ae AND CANTRBL TREATMENT GROUPS, 
SLALECTS IN The EXPERIMENTAL GROUP WERE TRAINEL IN THe UCey 
Sy™LLaTeR FOR as MUCH TIMe aS FeQuiReD 76 SaTISFY rTheEIR 

TNE PRLC ARS TRAT Te’ CaLLp PeR ARM re Re QUIRED MANEUVERS IN 
Tke SyMLL ATOR AT Tre SAME Level 6F PRB ieee REQUIRED T8 PASS 
tee eIhal GballelcatiONS cHeck IN THE AIRCRAFT. Tre CONTROL 
CRALF Was TRAINED USING Tre STANDARD CURRICULA whICh ReGuIR_ED 

a Frxel rie IN tre SIMULATOR, Carta BezAlieD FROM STUDENT 

Re aCyyOhs 7 GLeSTIONNATRE tre’S ake threRP ETE 798 INDICATE 
TrAT: (4) SIMLLaTARS Can Be Used 76 FURTHER R oe ReQlIReMeENTs 
FoF tRaTNING TIME IN AIRCRAFT ANC (a) SIM LaTBRS AN Be ube6 T8 
CVALLATE PERFORMANCE THAT IS INDI cATI ye GF PERFORMANCE IN THe 


AIS CRAFT. 
TRE eer CeCe ee ePeETESEC ESC EC EEC R REEL EPP EPA APP LPP 


MICCLETSNo DeRey FURTy Codon BERGERAN»s HePes PATTON, JeMey CEAL, 
PL, anNO ChaMerne, Reve MPTprTONeBaSE SyMULATAR STUDY BF CaNyRAL 
AE AN EXTERNALLY BLOWN FLAP STUL TRANSPORT AIRCRAFT AFTER Falle 
LPS Se aN BUTBHARC ENGINE POURING LANOLNG APPRBACH, NASA 

TNT 9802642 19756 


* ABSTRACT * 
A “ATION SIMLLATAR STUDY BF THE PRaABLEMS BF ReECAVERY AND LANDING 
SF a STOL_ AIRCRAFT AFTER Peles BF AN AUTBBARD ENGINE DURING 
FrNalL aAPPRAACk WAS MADE, THe APPROACHES WeRe AT 75 KNOTS ALONG 
a Six CecRee GLIDESLOPE, THE ENGINE WAS FAICEC AT LOW ALTITUDE 
AKT The SPTION 7A fiyeRSREGT wAS NOT ALLAWeD, The AIRCRAFT KAS 
FAUR HIGH. BYFASS RATIO FANSJET ENGINES EXHAUSTING AGAINST 
LARGE TRIPLESSLOTTEL WING FLAPS TA PRODUCE ADDITIGNAL LIFT. IT 
waS SIMLLATEC LSING EACr BF THREE CANTROL SYSTEMS, A VISUAL 
SyStem StMULATING A STSL ALTRPORT waAS UseO DURING FART QF THe 
CrLcy, alSS a SIMPLE HeACeLP CISPLAYs, SUPERIMPSSED GN The AIRe 
FAFT LAKCING SCENE, WAS USED BY THE PILATS TB MAKE SOME OF THE 
Receve ties FALLAwWING AN ENGINE FAILURE, TE RESULTS INDICATED 
TRAY The year eee IN vISLAL CLES AND , AR M67 ION CugS HAD 
LITTLE EFFECT ON The BUTCAMe BF A ReECOyERY, BLT THEY DID HAye 
SAME CFFECT SN The PILOTIS ReSPANSE AND CONTROL PATTERNS, 


WEPEPTUTOVELESEOCEE ESIC OCCT ARTA ee 8 


MILLER, CyFe, AND VINGE, EW, FIXED*BASE FLIGRFT SIMULATER 
SrlLCtcee AF VTBL aYRCRAFe RANCLING QUALITIES IN HOVERING AND LOWe 
CFFED FLIGHT, TECKNICAL REPORT AFRDLeTR-67*45a» AIR FARCE FLIGHT 
RYNaMICS LABBRATIRY, AIR FARCE SYSTEMS CAMMAND, WRIGHT PATTERSON 
AFF, BRIA, JANLARY 1968, 
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* ABSTRACT * 
kKANCLIMNG GLALITIFS IN HKBVERING AND LOWaSPEED FLIGHT WAS 
ceNeLeTeEr IN A FIXEDe BASE SIMULATAR. TRE EFFECTS 8F RATE 
PAMETAG AND ATTITLUE STABILITY AUGMENTATION BN KANDLING 
CE ALTTIF¢ FAR A RANGE AF SPEEDeSTABILITY AND DRAG PARAMETERS 
TURBLL ACE Levi LS, AND SEVERAL &THFR FACTORS wERE STUDIED. 
FrLATS SeELECTEP SPTIMUM CANTREL SENSITIVITYs PREPARED WRITTEN 
CAYMrATS ALL ASSTIGHED PILA@T APINIA@N RATINGS FAR EACK CB8NFIGURA} 
TIO, TeE RESLLTS FAR MINIMUM SATISFACTARY HANOLING QUALITIES 
ART CSHFRELATEC wWITh THE AIRCRAFT AND STABILITY AUGMENTATION 
PFahave TERS ANC CAMPARED WITH EXISTING anNO SUGGESTED REQUIREMENTS 
Fee vrIb RaANCLING GLALITIES, SUGGESTED CRITERIA FOR AIRCRAFT 
PYM aM TC ChaRACTeRISTICS AND MINIMUM ResPANSE 76 CONTREL JNPUTS 
TELAT aSe BaSEC BN ThE FLIGHT SIMULATEGR DATA ARE PRESENTED. 
Reeve ANeSGLARE PERFORMANCE DATA FAR a PRECISION HBVERING TASK 
see pe TAINED FAR A RANGE @F AIRCRAFT, STABILITY AUGMENTATIAN 
an? TURPLLENCE LEVEL PARAMETERS. PILET MODEL ADAPTED PARAMETERS 
Fak a *ULTILABF REPRESENTATION SF THE RAVERING TASK WERE 
CevMEL yee FREM Teese RMS PERFARMANCE DATA AND CORRELATED WITH 
Fy! Ay APINTONS 


BeSlirs Skis peat Tee STAPILITY AUGMENTATION aND BPTIMUM CONTROL 
SeNCrrtvrTY ReGlLIREMENTS FOR SATISFACTARY HANOLING QUALITIES 

ale Ceeenbe hp GN phe GUST SENSITIVITY GF THE AIRCRAFT. The 

cede abl ze” PeStl rs SKA, Lityle CORRELATION wkTh EXISTING GR 
GLeeeste™ CRITERIA. INSTEAD THEY INDICATE THAT The AIRCRAFT 
CEreTISTABILITY PaRaMeTERS MUST Be ipbaahde igs ee IN ™ DeveLOPMENT 
nF BS RAL rss GlaltrTig¢S SPECIFICATIONS. THe RMS KByERING PERFORM. 
are ang CePeNUpNT PRIMARILY 8N PO@SITIE6NeLGOP CISTURBANCES, 
CMANGES [TN FITCRLUAP GYNAMICS AND DISTURBANCE Level HAD LITTLE 
cFER CY 4h aye RING PERFGRMANCE EVEN WHEN THEY RESULTED IN LARGe 
CeakT.c ph PLLA, BPENTAN RaryNG, ReSULyS OF sre STUDIES OF 
Fyley vgMel alaPrel PaRaMeTers Skaw THay PIL@y7 BPINIEN 

CoPRe LageS Mehl kT TR a CO@PBTNATION BF ADAPTED LEAD aND AIRCRAFT 
FUST SENSITIVITY. 


WREE WOE PEEESOEESP EES ECS O CECE ECE R ERP ERE S SES AREER REE RAR ARSE EE SO 


“TLLER, gef, tRena MOTION STUDY, FINAL REPORT1, ENGINEERING 
ECYCHHLAGY DeFARTPENT, LINK DIVISIHN, CONTRACT AF 33(600) 390374 
AFP TL 11. 196Ce 


* ABSTRACT # 
ar ¢XPoRyMENT was CANDLCTEO 7A ABrAIN JFNFORMATION RELEVANT 7O 
tee Firck PATTON SYSTEM uF THe Bese SIMULATOR, PHASE I WAS 
CeCe ahel *ITR ESTIMATES BF PITCH ANGLES VARYING BETWEEN 
eee pe Pelaw Level aN 45 DeGRees aBbBVE Level wiIThOYT visUal 
Ctrs, Trees reTrEDS OF ESTIMATION WeRe USED UNDER yaRI6uUs 
CONC re TAnS AF Ra an’ CIReCTION BF APPROACH 78 The ANGLES, 
the MephalS GF eSpIMayION WeRE 4) ADJUSTING A BAR 79 CORRESPBND 
wypTh Tee RH TZAR, 2) ADSUSTING A FLAT BAR T6 LEVEL, AND 
3) vERPALLY ESTIMATING FITCH ANGLE, GN THE AyERAGE, THE ANGLES 


622 








NAVTRAEGUIPCEN IH-298 


wERE UNDERESTIMATED BY 2e3 DEGREES, 102 DEGREES» AND 2e6 DEGREES 
RESFECTIVELYe TKE STANCARD DEVIATIONS BF ALL YUOGEMENTS 

APSLNCD THESE VALUES WERE $36 CEGREES» 6662 DEGREES, AND 

&e31 CRGREES RESPECTIVELYe STATISTICALLY SIGNIFICANT 
CYFFERENCES IN B8ThH CONSTANT ANC VAR TABLE ERReKS ResUL TED FREM 
CYFFeRENCES aMOAG TRE ANGLES nar ANC FROM ADI vJOUal 
CIFFeERENCES AMANG The SLBWECTS MAKING THe JUDGEMENTS, PHASE I] 
WaS CONCe 1 wrk JUDGMENTS aF The SIMILARITY 98F vaRIGUS 
FeaStAle SIMLLaySR METIANS +f A SpANDARD MATION, BaSeD UPBN 
Bisa FLIGHT ChakaCreRISyICS, Ne PROBLEM WaS rh eubAls 
RealrsriCally PryCk R@TaTISN AROUND CedzeR BF GRAVITY APPROXI, 
MATELY 3g FBET BeRIND Tee PILOT. THE MAYOR DIFFERENCE SETWEEN 
the SyahlaR wO7 168 AND Tre TEST MByIEN WAS The AMOUNT GF 

V Fer AL a ot ASS8ClateD WIth PITCK ROTATION, SF The 

By TANG weyCR WOLLD Be FeaSyule IN wa SIMULATOR, ONe RESEMBLED 
TRE S7ANDARD MO7ION TO vA SIGNIFICANTLY GREATER OGGRee THAN ANY 
AF ThE STFERS. 


PRERECERE CESSES ECE SSS ES ERE PSEA SEC ESSEC ESSERE EEE EE EEE ee TS 


MILLER, FeGe» It ANO GRAYBIEL, Ae PERCEPTION OF THE UPRIGHT ND 
SUSCEPTIBILITY TS MOTISN SICKNESS AS FUNCTIONS 8F ANGLE OF TILT 
ANC aNGLLaR vel BCrry IN BFF veRTICAL RSvATISN, 'FIFTH SYMPAS, 
1L” 9 phe ROLE AF The veSTIBULAR BRGANS IN SPACE EXPLORATIBN,, 
ke LC ay tee NAVY AgROSPACe MEDICAL ged LAE., PENSACELA, FL, 
ALC 1690242 19700 PLBLISKED AS NASA Spi3y4, NATIONAL AERONAUTICS 
AND SPACE ADMINISTRATION, WASHey DeCoy 19736 


* ABSTRACT * 
MATIAN SICKNESS SUSCEPTIBILITY SF FOUR NORMAL, 
SUBSECTS hAS MeASURED IN TERMS 8F DURATIOBN 8 
SP olipigg Se A ata 79 EVOKE MELERATE HALATSe (MITA) 
AS a FURCTIGR GF yELOCITY (2,5 T8 45 RPM) INA 
cRKAT® ROTATED ARBLT A CENTRA, AxIS TI, TED 49 DEGREES wITh Ren 
SepeCr 76 GRAVITATIONAL LpRIGkr. THe SuauE CTS FaD LITTLE BR NO 
SUSCEPTIBILITY T8 THIS TYPE SF ROTATIBN AT 265 AND 5eQ RPM, BUT 
hI7Th FURTRER INCREASES IN Rate, THE MITA ENDPOBINT WAS ALWAYS 
Se aCkeD AND wWITh EVER SHORTER TEST DURATIONS, MINIMAL PROVECAs 
TIVe PeRyTOCS FOR ALL SUBYECTS WERE FBUND AT 15 BR 29 RPMe HIGHe 
ER ROTATIONAL RaTeS DRAMATICALLY REVERS EO THe veESTIBULAR STRES. 
SPR cFFECT, ANC The SUBYECTS AS A GROUP TENDED TS REACH A PLA. 
TcAL AF REvAT I vet y LOW SUSCEPTIBILITY AT 4Q ANC 45 RPM, AT 
tee Se KIGFER veLOCITIES, FURTHERMORE, TKE SUBYECTS ESSENTIALLY 
L857 teeIR SENSATION OF BEING TILTED OFF VERTICAL. IN THE SECe 
SNC baLF QF Tre STLOY, Tke FFFECT OF TILT ANGLE WAS VARIED wHILE 
TRE SATATION RATE WAS MAINTAINED AT A CONSTANT 147065 RPMe Tw 
SLACECTS *ERE COMPLETELY RESISTANT TO SYMPTOMS SF MOBTIBN SICKe 
NeS€ ween ROTATEO AT 205 CEGREES OFF VERTICAL, WITH GREATER OFF e 
VERTICAL ANGLES, Tre SUSCEPTIBILITy OF ALL SUByECTS INCREASED 
SKARPLY AT FIRST, THEN TAPERED OFF IN A MANNER REFLECTING A 
FeCeneR tan FUNCTION, The MARKED CHANGES IN THESE MEASURED REo 
SPONSES weRe ATTRIPUT D PRIMARILY TO Tre MACLLAR BRGANS BEING 
UNNaTURALLY StiruLaTed BY 8FF VERTICAL ROTATIBN, 
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MILLER, GeKewRe 8A MATIGN*CONSTRAINT LOGIC FOR MAVINGeBASE SIMe 
LLATHRS BASEN AN VARIABLE FILTER PARAMETERS'« NASA LANGLEY REe 
SPARC CENTER FER NASA WASHINGTON. NASA TECHNICAL NOTE, 

TNC 277772 DECEMRER 15740 


* ABSTRACT # 
A MATTUNSCONSTRAINT LOGIC FaR “SVING@BASE SIMULATORS HAS BEEN 
TeVELAPER THAT IS A MADIFICATIUN TA THe LINEAR SECOND-8RDER 
FILTCRS GENERALLY EMPLOYED YN CONVENTIBNAL CANSTRAINTSe JIN THE 
MACIF TED CANSTRAINT LOGIC THE FILTFR PARAMETERS ARE NOT CONSTANT 
PLT VARY WITRK Tre INSTANTANEBUS METYION BASE POSITION TE INCREASE 
TEE CANSTRAINT aS The SYSTEM APPROACHES THE POSITIONAL LIMITS, 
atTrk tke MADIF ITED CANSTRAINe LOGIC, ACCELERATIONS LaRGeER THAN 
BRIGTNALLY exXFeC Te? ARE LiMrree lee le cor venT ign LINEAR 
Frigyrs wOLEC Eestuy IN aUTAMATIC SHUTDOWN BF THE MOTISNSBASE, 
ts ACC y7yON, Tre MADYF ED WaSHILT LAGIC HAS FREGUENCY RESPONSE 
ChakaCTeRISTICS Tray ARe AN iv FOR LAW FReQguENCY 
Priars prPlbes, ODLRING SyMULa~arEl LaNnvIANG APPRAACKES BF aN 
EXTERNALLY BLOWN FLAP SRORT TAKE BFF AND LANDING (S7OL) 
peaNcp sae LOSING CeCBUPL_ED LANGITeLO Nal CONTROLS, THe PILOTS were 
Un aPle tA CeteCy Bock CTFFeReNCe Between THe MODIF Iced CONSTRAINT 
LaC TC at THe LAGYC BaSeO BN LINEAR FILTERS WIT BRAKING, a! 


WERE E WERE ERUSEECECEEEO CC OSTEO ER REREAD 


MYLLF Re GeKeuRes AND DE als Pele 'MAVINGSBASE VISUAL SIMULATIAN 
eri Cy ef CeCalPle£ CantRels DURING aPPREACH aNC LANDING 6F A 
S7°L yeaNSPORT aATRCRAFT+,. NaSA LANGLEY RESEARCH CENTER TECHNI} 
Cal NATE TX#Ce779¢ YAN 19756 


* ABSTRACT * 
a “Ay Ihe BASE VISLAL SIMULATION STUDY KaS BEEN CONDUCTED 78 
cyALlate THE Lee @F Der purl C CentRals aed TRE APPRAACH AND 
LaXC rhc oF aN exTeRAally BLOWN JETFLAP STOL TRANSPORT, THe 
SrMLtL aryPN eMPLAYCH aLlL SIX RIGID BEDY NEGRe_es OF repre AND 
INCARE Ia Teo ApRACYNaM IC CHaRaCTERISTICS BASED BN WIND. TUNNEL 
CATR. THE FLIGkT INSTRUMENTATION INCLUDED A LOCALIZER AND A 
FLICK, CyrReCrAR, The PRIMARY PILOTING raSK haS TO CAPTURE aND 
TA Math TAIN & THALSEGMENT GLIDE SLOPE BY USING THe FLIGHT 
PreeCyHR, a CLOSED CIRCUIT TELEVISION DISPLAY OF a STOL PERT 
FEPVICL CO viSlkal Cles DURING SyMLLaTyONS BF THe APPROACH AND 
LaXtrsc, The UeCOLPLED LANGITYCINAL CONTROLS USED CONSTANT 
PREF ILTER AKO FepDBaCK GAINS 79 PROVIDE STEADY-STATE DECOUPLING | 
AF FL YChy Pate aNGle, PITCH ANGLE, AND FORWARD VELOCITY. The 
FILM TS weRE EXTRLSIASTIC ABOUT THE DECBUPLED LONGITUDINAL 
CaNeRelbs a~NO Believed A tHe SIMULATOR MO7IGN WaS aN ayO IN 
cVALLATING Tee CeCACPLEC BNTROLS, ALTKAUGH A MINIMUM TURBULENCE 
LeVel wITr RO6TSMEANSSGLARE GUST INTENSITY 8F O43 M/SEC 
(+ PrsSeC) WAS ReEGLTRED TB MASK UNDESTRABLE CHARACTERISTICS OF 
Teo “HVING BASE SIMULATOR. 


624 








aime 


NAVTRAEGUIFPCEN IHe298 
HH EH HHH RHE HHH UHHH ee 


MILLER, Gees wey AND RILEY, OR, THe EFFECT OF vysUal MUTION 
TIME CELAYS AN FILET PERFASRMANCE IN A PURSUIT TRACKING TASK, 
tPEACEECINGS @F ThE ATAA VISUAL ANC MB7IAN SIMULATION COM ER. 
EXCEt, CAYTSN, BKIE, APRIL 26-28) 1976. 


* ABSTRACT # 
4 STLOY wAS MADE T8 DETERMINE TRE FFFECT OF VISUAL eMOTIGN TIME 
mrlLays 8S FILAT FERFORMANCE GF A SIMULATFD PLRSUIT TRACKING 
TASK. TeReE INTERRELATED “Mauak EFFECTS HAVE BEEN ICENTIF IED: 
TASK PIFFICULTY, MOTION CLES, AND TIME DELAYS, AS TASK 
RrFFICULTY, AS CETERMINED BY AIRPLANE FANDLING GUALITIES GR 
TARGET FREGUENCY, INCREASES, THE AMABUNT SF ACCEPTABLE TIME DELAY 
NECREASESe FAnEVER, WHEN RELATIVELY CaMPLeTE MOTION CUES ARE 
INCLUDED IN Tre SIMULATION, THE PILAT CAN MAINTAIN HIS 
FrSFSRManCy FAR CONSJOFRABLY LONGER TIME DELAYS. IN ADDITIBAN, 
TRE NUMBER OF CEGREFS BF FReEDS™ BF MOTION EMPLOYED IS A 
STCNIFICANT FACTER- 


ware ereeCee RPC eerererereee Pe SS EEC EASE TEP SEPP ER SEEPS RRR ESS PCS SS 


MILLER, GekeowRey ANC RILEYs DeRes THE EFFECT BF VISULAL=MBTION 
Tr"¢ CeLaY¥S ON FILOT PERFORMANCE IN A SIMULATEC PURSUIT TRACK. 
ING TaSk, "NASA LANGLEY RESEARCH CENTER', NASA TN Dog364 HAMPo 
TAN, VIRGINIA FAR RATIONAL AERONAUTICS AND SPACE ADMINISTRATION, 
WASFINGTAN, CCe, MARCH 1977. (ALSAH IN PROCEEDINGS BF THE AIAA 
VISLAL APC MATIAN SIMULATION CONFERENCE, DAYTON, BHIG, 

APRIL Gbechs 1976) 


* ABSTRACT +# 
AN gXPeERIFENTAL STLCY HAS BeeN MADE TO DETERMINE THe EFFECT GN 
eYTLAéy Be RFORMAKCE 8F Tie DELAYS IN THe vISUAL AND MOBTIEN 
FeeCAack L868FS BF A SIMLLATED PURSUIT TRACKING TASK, THREE 
MAGPR INTERRELATED FACTBRS WeReE IOFNTIFIEO3; TASK OIFFICULTY 
FITeKER IN THe FARM BF AIRPLANE KANDLING GUALITIES 8R TARGET 
FReGleNCY, The AMOUNT ANC TyPe SF MOTIAN CUES, AND TIME DELAY 
ITSELE. IN GENERAL, THE GREATER The TASK CIFFICULTY, THE 
er abber TRE TIME CELAY TRAT CALLED EXIST WITHAUT CEGRADING PILOT 
EeFEIRMANCE,. CANVERSELY, THe GREATER ThE MOTION FIDELITY, THE 
GREATER The Tih CELAY THAT COULO Pe TALERATEO. THe EFFECT OF 
METIAN WAS, FOKE VER, PILOT DEPENCENT. 


PWRTEVURTESECEECE ECCLES E RSAC RS EERE EES RRA SSSR ASRS OE EE ES 
MILLER, wets ANE GARDSON, Jee. ASTE CONCERNING MOTIAN SICKNESS 
Ik ThE geFhkeo HSVER TRAINER, PENSACB8L A, FLAe tUeS. NAVAL 


SCRROL CF AVIATIAN MECICINE', 1958 (BUREAU AF MEDICINE AND SURe 
ChRY, PRASFCT NM17C111) (AD 204 234) 
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* ABSTRACT * 
A Fevyew WAS MACE AF THE CEVELSPMENT OF DEVICE 2@*FRee@s INCLUDING 
Ta FYALUATIANS, THESE EVALUATIANS POINTED WITH NO LITTLE 
CONCERN TE Tee FRERLEM BF 'MBTISK SICKNESS! EXPERIENCED IN THE 
SIMLLATARe 


THE wRITFRS FEEL TRAT TRE HYPA@TRESFS BFFERED BY STHERS T6 The 
cFFECT TRAT TRESE SYMPTBMS WERE ELICITED BY ThE CE&NFLICT 
Be TeeeN VISUAL CleS SF MOTIAN AND STATIC PHYSISLEGICAL CUES IS 
False, TrE FREPLEM SEEMS TA LIE IN BNE 8R A COMBINATIBN OF 
Cevetal MALES AF CISTSFTION:s THERE EXIST BATH STATIC AND DYNAMIC 
STSTARTTANS IN TRE FROJECTED SCEKEkYs THERE ARE ERRORS IN THE 
er&eeqver CIREcTIGSAL CRANGES fF MATION; AND TRERE ARE DyNaAmic 
REARS TX THE PERCETVED ANGULAR RATE OF MOTIONe THESE 
CrSTORTPANS aRe POTNTED BOLT HEREIN aND SUGGESTIBNS ARE MADE as 
TH FSW TREY MIGHT BE ALLEVIATED. 


TTC rr seer eee ee eee eee ee eee CeCe CPT PPP PPP ee eRe ee ee 


MILLER, Gee ANC GSADSPN, JoeE5 MATION SICKNESS IN a HELICOPTER 
STYLLATSOR. 'tAESSSPACE MEDICINE', 1960, 319 20492126 


* ABSTRACT #* 

cy@LLaryeh BF BPeRATIONAL ayRCRaFr HAS BECOME ~N INCREASINGLY 
TMFARTANT ASFeCy OF FLIGHT TRAINING FOR REASONS OF ECONOMY, 
SAFETY, EXFECIENCY. IN 4956, A FELICOPTER SIMULATOR WAS 
PeSTehcO AND JNSTALLED aS A TRAINING DevICe IN PENSACOLA, FLA,, 
Fa® tro Dlal FLRP@cr BF EVALUATING ~ PBINy SBURCE SYSTEM GF 
JPTTCAL PRIGECTIAN AND AS A POSSIgLe MEANS BF FACILITATING THe 
TRATN NG OF FeELYCOPyER FILO7S, OUPRING yHe INITIAL STAGES OF 
Leth rzary8N A NUMBER BF PRABLE*S aRASe CONCERNING THe DESIRABIL. 
TrY OF EMPLOYING PRIS DeviCe AS A TRAINING [NGTRUMENT, GONE OF 
tHe MOS, SeRrOLs CFF yCUL yes ENCOUNTERED WAS THAT OF SOB Called 
wAorsh spCkNes¢ tN a COCKPry tHat OIC N@y aCTUaLLy MOve, = 
ER IBLEM Be Car SA SeRYSLS THAT IT WAS ONE OF THe GAycr REASONS 
Fah CrsCa TINCTNG pe Use §F rhe s {MUL ,a7OR “The AUTHORS 

Fasel bagel The PASS TAL TY ThaT TH Bas C BReAL M UNDERLYING 
I'e MizyON SyCkNess RePORye IhvOl veo CONFLICTING vISUAL CU¢s 
TATRECR RAN A CANE, ICT Be TWEEN VISUAL AND PROPRISCEPTIVE CUES. 


antennae WEeEEEPEPCTEOCCS SSE COL CC REPEC PEPER Ae ee ee oe ed 


MILLER, N. (EC.) 'PSYCRALOGICAL RESEARCH ON PILOT TRAINING, 
APMY aTR FBRCE avIATION PSYCHOLOGY PROGRaM RESEARCH REPBRy NO, 
a, GIyFRNMENT PRINTING SFFICE, WASHINGTON, DeCe 19476 


RePBRT aera AED 10 ReceRD 6F TH 

FUXPOSe 8F TIS 8 S 8V A * 

F K PILOy eRATNING bandtceeb ye AVIATOR PSYCHSLOGIS7S 
p8 tke SFFICe OF The SURGEBN IN THe AAF TRAINING COMMAND, 

1 OF the ReSpaRCk SUMMAR]Z¢0 IN THIS Rerery wAS CONDUCTED BY 
CRGLGGICAL keSeaRCh FROUECT (PILBT), AN BRGANIZATION WHICH 
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WAS FSTABLISkeC aND MaDe ResPa\SIBLe FSR PSYCHaLOG Cal keSEARCH 
AN FILOT TRAINING ON 1 FEBRUARY» 19446 


TRF FINAL CHAFTER (NOe 15) IS A SUMMARY PRESENTED FOR THE 
PeNeeyT AF TraSe READERS WHE ARE MBRE INTERESTED IN AN 
INTEGRATFC PICTLRE OF TRE MAIN RESULTS THAN IN TRE TECHNICAL 
TETAILS AF TRE SEPARATE STUDIES 


TREMP ERUEURUTSCESSESSP ORS ERE ELSES EPSRC EPEC 


MILLER, RePe 'PSYCRALAGICAL CYNSIDERATIGNS IN ThE CESIGN NF 
TRAINING EGUIFRENT!'s WRIGHT AIR DEVELSPMENT CENTER, BHI86 
WAC C@TR=54"563» DECEMBER 19546 


* ABSTRACT * 
A TRAINING DEVICE IS A MACHINE WHOSE PURPOSE IS TA TEACH Y8B 
CvILLS wRICK WILL TRANSFER 78 GEPRATIONAL SITUATISNS. AS SUCH, 
tee BLMaN FaC7eaRS yNvOlycel YN FF IC TENT LeaRNyNG AND TRaNsF ER eF 
TRAIN NG ake ies 0S 8 ai FSSENTIA 78 ECBNeMY aND TRAINING 
valle SF TRAINER CeSIGh, tHe REPORT PReSENTS a NUMBER B 
CPNCTO-RaTIONS a~NC FeCOMMENDATISNS FER TRAINER DESIGN UNDER THe 
FALLAwIhG TeFICS: 1, SMe PRINCIPLE CONCEPTS IN LEARNING AND 
TRANSFER BF LeaRNIhGs TI, PROBLEMS OF PHYSICAL SIMULATION; 
Stele STAGE OF Le ARK ING ANC DeGRee BF PrYSTCAL SIMULATION, 
IVe sath a2 fF ReSULTsS AND SCBURINGs ve RECBKCING PROCELURES, 
VI. PROFICIENCY MEASUREMENT; VII. THE DESIGN OF INSTRUCTORIS 
SpATTON; VITIe THE TRAINER aS a CemONSyRa79R OF PRINCIPLES; 
Ixe PLTLING SF StepS IN DESIGNING A TRAINING DeviCe, 


TRIS RepORT IS ¢SSeENTIALLy a DIGEST SF pReyISUSLy PUBLISHED 
MATERIAL BY The ALTFAR AND DR, ALAN D, SWAIN, IT HAS BEEN 
ACAFy-C FER PeRSBKS WHE MAY NOT KAVe A PROFESSIONAL BACKGREUND 
IN FSYCROLAGY, Tre RePART 1S INTENDED FAR THESE WHE PARTICIPATE 
TX FRAMING The Regul ne Este FAR TRAINING DEVICES, OgESIGNING 

TREM aNC, IN LESSER DEGREE, FOR THOSE weO USE THEM IN TRAINING, 


wR errr rere ePEPSreESCECCeCCePere SEP eee EPPS TEPER REESE RAR ES 


MILLIGAN, weRe SIMULATION BF LOW ALTITUDE HIGh SPEED MISSION 
peSRPRM ANCE. tATAA yISLAL AND MOTION STMULATIGN TECHNGLOGY CBN, 
FREACE FAFER, 7c*3432 CAPE CANAVERAL» Fle MAR 1618 197Q° 


* ABSTRACT «# 
4 SeRkIcS BF SIMULATION TESTS WERE CONDUCTED TO TEST AND EVALUATE 
Frve PRETOTYFE AYRCRAFT FLIGHT DISFLAYS.» THREE BF THE DISPLAYS 
wee CesiSteC PRIMARILY FOR TERRAINAFOLLAWING ANC TwO FOR 
NAVIGATIAN, Tee TESTS WERE MADE IN SIMULATED FLIGHT FGR 
Re ASANS BF SAFETY AKD a ANO TA ACHIEVE PRECISE CONTRUL OF 
Relevatt MeChaNICaL AND ENVIRONMENTAL PARAMETERS. A FOUR DEGREE 
rE FRE ECAM CYNAMIC FLIGHT SyMULATOR (DFS) WAS USED IN THE STUDY, 
Tee of § nAS AN ANALAG BF A REAL AIRCRAFT IN THAT IT MOVED 
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VERTICALLY» LATERALLY» ANC PI TCFED AND ROALLED WHEN THE CENTRAL 
crfek IN TRE CSCKFIT WAS MiVEDe A TELEVISED PICTURE 6BF THE 8BUTe 
REeTHEeCUCKPIT VIEW wAS A REAR*PROJECTED O@NTA A TRANSLUCENT 
SCSELEN JN FROEAT SF THE CFSe RESULTS SKSWED TRAT A HEAD#=UP 
RYSFLAaAY SF TERRAINeFALLSWING INFORMATIAN WAS GENERALLY SUPERIOR 
TH AN TNeCSCKFIT CISPLAY BF THE SAME INFEORMATIONs AND THAT A 
Nav TCarIeN OTSFLAY FASFC 8K INPUTS FROM AN INERTIAL GUIDANCE 
CySt.4 waS SLEERISk TE CONVENTIBNAL CEAN RECKONING NAVIGATIBNe 
AL TRIULGrH SIME GF TRE BASIC CANCEPTS wERE EXCELLENT» PILOT 

AF INT AN TNOICATEE ALL DISPLAYS REQUIRED FURTHER DEVELOPMENT 
FRIES TA BFERATIANAL USEe (AUTHAR) 


Tee eee ee eee cee eee eee eee eee CRP PPP PPP PP e PPS eee eee eee eee eee ee Se 


MILLS», CeEs 

TeCPR ULES FAR JMPRAVING THe GUALY]TY BF MaTIeN REPREOUCTIAN IN 
MEVING BaS€, FILOTEDs, FLIGHT SIMLLATERS, AIAA PAPER NO. 6702526 
ATAASFLIGET TEST, SIMULATION ANC SLPPORT CENFeRENCE, CACea BEACH 
FLOoRTOa, FFERLARY £8 19676 


* ABSTFACT * 
Merron RePRADLOTIBN IS EXAMINED FREOM THe VIEWPOINT BF THe DeSyGN 
ah? ORR, TIAN GF pope SIMLLaUR MATION CANTRBL SYSTEMS, GUALITY 
TS CKESEN IN The CONTEXT SBF OYNAMIC FICELITY, THE Tepe ear dl 
eF erlk pols Shall aBRUPy CISCONTINU TIES IN Tre ACCELERATIGN 
Re SEAMS, , ant Tre ATTENLATIAN BF abba al DYNAMIC MODES WHICH 
ReFL, Cy CRARACTERISTICS GF pie SIMULATOR STRUCTLRE, THE 
Tr TRNIGLES UISCLSSFO FAVE BeEN ReCeNTLy APPLI¢eC AND EXPERIENTIAL 
PVALLATIUNS ARy PReSpNtTEC, MOTION SERYSS wHICr hAVe BEEN 
eviqh G1 zee TA ACCEPT VOLTAGE CAMMaANOS CONSTRUCTED FROM KIGkER 
MATION Cr RT yativeS ame ShO0N 79 BEFER SIGNIFICANT IMPROVEMENTS 
th th: FrOplrty SF MOTIBN RePRBCUCTION, THe TECKNIGUE 
ReltrS Ph THe AVAILABILITY OF HIGHER De RIVATIve COMMAND SIGNALS, 
aS vtlraGe ANALOAES IN The TYPICAL ANALAG SIMULATION OF THE 
AT ?C# ak yp MOTTON EGUATIENS, A FER OBATK TECENTIGUE IS DESCRIBED 
me TCE alle vIATEs at PRaule™ @F CenNyRELLING SyMULa7BR MG7IEBNS 
weep Cys peal Fakes MUsy Be RaNsMrtyeO TO The COCKPIT OVER a 
RelatrvghY¥ COMPLI ahy riled deel The TeCHNIGlL, IS ean Te 
AY PRING@PNG Tee COLFLING STRUCTURE [TNSIDe AN ACCELERATION Feed. 
A,TK CoteRIL LAF, be TO Tre CONTROL BF VERTICAL AND 
Late sae COCKPIT TRANSLATIONS, TRE TeCHNIGUE REMOVES THE MOST 
TRACPL, SOME EFFECTS OF SIMULATER STRUCTURAL DYNAMICS FROM The 
CLace™ LaBF Mey TSN RESPONSE, 


Twa rePeePeEREPPEPVOROSCCCSOCE SSCS REEL eS EPSRC SECRET PRPS oe SS 


vas Se M2ESOTRCK, GeAede NANGAUSSTAN STRUCTURE BF THE SIMULATED 

TherlbLess pNYVTRANMeh T IN pILATED FLIGHT SIMULATION 

hyp LFy UNrveRSyrty OF TECENBLOGY 

TePar vent GF ae RasPace ENGPNEERING MEMARANDUM Me3Q4 PRESENTED 

vp Te, AGARL FRE SPECIALISTS MEETING GN '#PILOTED AIRCRAFT ENe ) 
VISES) Np SIMULATIAN TECKNIQUESt, 24027 APRIL 1978, , 
BEI GSeELS, PELEILM 
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* ABSTRACT «# 
AFTE® a CESCRIFTIGN BF TRE GENERAL NONeGAUSSTAN ChARTERISTICS OF 
ACTLAL ATMGSFREERIC TURBLLENCF AS ORSERVED IN ThE blot Sad A 
NANSGALSSIAN TLRBLLENCE SIMULATIAN MODEL HAS beet DesCRi ted, 
TKE NANSGALSSITAN CKARACTERISTICS hAvE BEEN CLASSIF IEC AS PATCHI 
NeSS ahC INTERMITTERCY, BETH DEPENDENT 6N HIGhER BROER STATIS. 
TICS, TrESE NGNSGALSSTAN CHARACTERISTICS HAve BEEN MATHEMA, 
TICALLY eLABSRATEC ANC CeESCRIBEC, 


The cFFeECTS SF PayChKINESS SN PIL671S BehAyIOUR, USING PHYSI6. 
LAG{TCaAL PARAMETERS FAVE BEEN EVALUATED [lh A SMALL SIMULATOR EX. 
FERIMENT. 


Cee ee eRe RR eRe RR EE REE EERE SERPS ERE RES ESE RSPR RSE ERR SEER RR SER EE ES 


MASRL » heuer CoMe LENTZ» FeEe GLEDRYs YRe 

NaALSFAGENIC VISLALeVESTIBULAR INTERACTION IN ga vISUAL SEARCH 
TASK, NAMRL|123946 FENSACB8LA, FL: NAVAL AEROSPACE MEDICAL REw 
SEARCr LABGRATARY, 30 MARCH 19776 


* ABSTRACT * 
THIS srLCY DesCRyees THE CEyELOPMENy OF A VISUALeVESTIBULAR 
INTeRaCTrON (VVI) TEST WeRICK MAY BE USEFUL IN PRE ICTING M@TIBN 
syCkNess SlUSCePrrBrILITY IN WwARKING SITUATISNS aBBaRD SHIF, 
aT®C& arr, aNC OyhER MOVING yeHICLes, 


thir NauSc6GeENIC aSFeCT OF VISUAL SUPPRESSION BF The vEeSTIBULS. 
SCLLAR NYSTAGMUS Re — WAS ¢VALLATeD IN THRee EXPERIMENTS, IN 
APPGAXIMATELY 5 PERCENT BF tHe SUBUECTS TESTED, MOTION SICKNESS 
Sy“FTAMS, INCLUCING yOMITING, OE y LAPED,’ THe ESTABLISHMENT UF 
INC TyrSbal SeNSitivitiesS 18 HIS FSRM RF MATION SICKNESS IS 
RATEWHRTHY, NOT BNLY BECALSe BF THe SIMILARITY 8F THe vISUAL 
TASK 7G APFLIgO PeERFARMANCE, BLT IT ALSG PRAVICES A BASIS FUR 


INveSTIGATING The TYPES SF DISPLAYS AND vISUAL LOADS ENCSUNTE RED 
IN MBVING VEFICLES 


TwEPPPTUCPESESEESCOE OSCE CSE ESE CCRC EC ERE EEA SEER RR ES ELAR OS OD 


MBRRIS, ce ANC MATTREWS, NG, NEW VISUAL AND MOTION TEChe 
ArGkes IN MILITARY FLIGHT SyMULATIO@Ne PRACEEDINGS BF ROYAL 
de F9Na~UTICAL SOCIETY SYMPASTUM #THEARY AND PRACTICE IN FLIGHT 
S{MLLaTIANts LONDEN, ENGLAND, APRIL 1976¢ 


* ABSTRACT * : 
The AUTRARS ILLUSTRATE The DIFFERENCES IN REGUIREMENTS BETHEEN 
CIVIL AND MILITARY SIMULATAR TRAINING, SOME RECENT DEVELOPMENTS 
Th MAyIOK ANC VISLAL SYSTEMS ARE DESCRIBED, AND THEIR VALIDITY 
ANT APPLICATIAN TA MILITARY TRAINING ARE DISCUSSED. MILITARY 
TEAINING IS NECESSARILY MORE COMPLEX ANC DEMANDING THAN ITS 
CIVIL COLUNTERFART, WHILE THe CIVIL PILHT AVOICS EXCESSIVE ACe 
CeleRarI9NS AND yIELENT MANeUyERS CLOS¢ TE The GROUND, THIS IS 
ree MILITARY FILS71S STOCK IN TRADE, MILITARY SIMULATORS MUST, 
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TEU RIE DRE» PREVICE REALISTIC ACCELERATIONS IN SROER T& ACCLIMAe 
TI7E TRE FILST, AND TO GIVE KIM CONFIRMATORY CLES T& SUBSTANTI~ 
ATE KIS CANTSEBL INPLTSe A GREATER VISUAL CAPABILITY MUST BE 
ER®VIC-“C FAR EFFECTIVE TRAINING IN LAHS FLIGHTs TARGET ACQUIS « 
TIPN ANC ATTACK SIMULATION] FUR THESE, AN ALL*ROUND FIELD 6F 
VITw IS ESSENTIAL 


Tete ee eee eee ee ee eee ee Ce PP Ree APP PRR eee eee 


MARRIGC. wefes MCCORMICK, ReLe ANC SINACBRIs webe A MOVING BASE 
STMLLATS& STUY SF AN ALL MECHANICAL CANTRBL SYSTEM FOR VTOL 
ATECS APT, ALAA SIMULATIAN FAR AERASPACE FLIGHT CONFERENCE, 
CELLMELS, Frees ALGe 2o*c8s 19636 


* ABSTRACT * 
A SIMLLATION STLOY FAS BEEN CANCLUCTED BY NORTHROP NGRAIR, A DI} 
VISINN BF NG@R RRS CoRPaRATION, ee NAVY CONTRACT TS DETERMINE 
Thr SE rIMLM SkAFITNG BF CONTRAL POWER WeYICH PReVv{DES HANOL NG 
RLALITIES THAT ReglhiIRe LITTLE EFFORT ON THe PART SF THE PILOT TB 
MatTNraqTN GUIL CONTROL, TRIS STUCY waS a~CCOMPLISHED DURING The 
SLUMM™p Re ANC Fall SF 4962 LSING A TWILAXIS MOVING BaSe SIMULATOR, 
Spx CeGkees AF ee Te weRE SiMLLaTeD AND DISPLAYED WHILE MOTION 
war IMF gStoD gkSly the FITCH a~ND ROLL axeS, Tee COCKPIT WAS ENS 
CLOer eb ah abl ¢yalLbaTI9NS weRe MaDe SSLELY BY REFERENCE TO INe 
S7lPpnqe, the pILGPs WeRe Reglikel TO CANTROL MSTIGN ABBUT ALL 
Ax=S ArILE EVALLATING A SINGLE “ODE, AFTER THE MOST ACCEPTABLE 
CA phAL PAPAMeTERS heRr DETERMINED, THey weRe THEN DESIGNED INTO 
baRDu are whICK wWaS TheN INSpabbeD IN Tee SIMULATOR AND, IN TURN, 
FVALLaTEne 


Teer eee eee ee eee ee ee eee TEPC PPP PPR 2 


Me“ AY, Eek. AND GEBHARD, JUeWe MAN'S SENSES AS INFORMATIONAL 
Chattclso, aPeLyEC PHYSICS Labe REPORT CMag36, JOHNS HOPKINS 
UNTyERSITY, STLYER SFRINGS, MARYLAND» MAYs A258° PP VI + 65¢ 
cals? plpliSkeD as PAPER & JN Serec LE. PAPERS GN BUMAN FACTORS 
Th qh; CeSIGN ANC USe AF TANTRA SYSTEMS, EDITED BY H, WALLACE 
cyNate’, ChyeR PLALICATIONS, INC,: NEW YORK, 19616) 


* ABSTRACT * 
THIS Reytes PRINGS 7OGETHER maANY OF ThE FACTS THAT ARE KNGWN 
ARTLT Tee SENSES, AKeE SECTIAN IS CANCERNED WITH THe EFFECT GF 
LAPYRINTHINE STIMLLATIONS GN VISLAL PRACESSES, A DIRECT 
CAYFARTSAN IS Male BF Tre LIMITS, THE RELATIVE STIMULUS 
MAGNTTLOrS THAT MAY Pe TOLERATED, AND ThE SENSITIVITIES OF THE 
VAFIOLS SENSES, INTERACTIUN AMBKAG SIMULTANESUSLY STIMULATED 
Gy Scaky CRANN¢ LE FAS absé BeEN INCLUDED, 


TROOP REPEPERESCT EC EPEOC CC ELSES ET CeCe he eee a ee ee Del 


MA7ELLy MeMse ad Wey TE, DeC, 'REHAVIORAL EFFECTS @F WHOLE BEDY 
VIARATIGN te tAVIATION MECICINE's BCTEBER 19586 
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* ABSTRACT *# 

A STUCY WAS MACE OF THE EFFECT GF WHOLE BADY VIBRATION BN THE 
ABILITY @F HLMAKS TO REAC THE CIGITS OF AN AIRCRAFT MILEAGE 
INC yCaTAR ANC TrETR ABILITY TA CH A TRACKING TASK WHICH 
SIMLLATEO THE CONTROL OF AN alkCRaF re VERTICAL SINUSOID aL 
VIPFRATIAN AF FREGLENCIES RANGING BETWEFN Oo AND 50 CPS WITH 
AMPLITLOES OF OeC5s Oot AND Oel6e INCH DBUKLE AMPLITUDE WERE 
Lsel. gt IS CANCLLDED THAT INCREASING THE FREGUENCY BF 
VIFRATION ABBVE g CPS HaS AN INCREASINGLY DETRIMENTAL EFFECT BN 
VISLAL PERFARMANCEs THIS EFFECT REACHES A MAXIMUM BETWEEN 
4 AKC SQ CPSe TRE INCREASE OF AMPLITUDE BF VIBRATION F REM 
CoOE TA Cel INCR DOUBLE aMPLYTUCE HaS NO EFFECT UPON VISUAL 
FERFARMAKCEe A CASE WAS MADE FAR USING FREQUENCY AND 
AMPLITLUCE FATRER THAN G AS vIBRATYIBN CAeORDINATES. IT IS 
CANCLUCDER THAT VIBRATION, WITHIN THE LIMITS BF THE EXPERIMENT 
FAS LITTLE EFFECT UPBN TRACKING ABILITY. ; 

> f 
PERE RECE LCE LOSERS S ERE SE SESE ESE A EERSTE SRE RE RE RASS REE SLES EE SD 


MUCKLER, FeAes NYGAARDs JeEos OIKELLYs Beles AND WILLIAMS, AoCe 
eRe PSYCRSLOGICAL VARIABLES IN THE DESIGN @F FLIGHT SIMULATORS 
FAP TRAINING, avIATION PSYCHKALEGy LaBARATORY, UNIVERSITY GF 
TLLYN@IS FOR apRe MeOICalL LABORATORY WRIGHT AIR DeveLOPMENT 
CENTER, WRIGHTCFATTERSON AFB, BRIG WALC TECHNICAL REPORT 5603690 


wANLARY 49596 


* ABSTRACT * 
Bvek the FAST TeN YEARS, Tee AIR FARCE HAS BECOME INCREASINGLY 
CePeNCeNy UPON FL Ghy S{MULATBRS AND TRAINERS AS PART OF ALMOST 
aEL FLIGHT TRAINING PROGRAMS, IN THE DESIGN, CANSTRUCTIEN, AND 
LrILizatrON 6F TKeS SYN\treTIC TRAINING DeviCeS, Tw8 SENE SAL 
FRIEL EM ah ke HAVE Been FReQUeNTLY CONTRASTED, The FIRST OF 
TkeSe AReAS IS Tre DeGRee AF FIDELITY SF PHYSICAL SIMULATION 
THAT MAY Be pees 4b BETWEEN THe FLIGHT TRAINING DeyICe ANDO THe 
SPERATIONAL AIRCRAFT, THIS PROPERLY HAS BEEN THE CONCERN OF 
SIMLLATAR ZESIGN ENGINEERS, ANOS IT HAS BEEN TERMED THE PROBLEM 
BF PHYSICAL SIMULATION. The SECOND PRABLEM AREA IS BASED 8N THE 
LLTIMATE CRITERIGN BF ANY SYNTHETIC TRAINING DevICes THE 
TRAINING VALLE TRAT RESLLTS FROM THe Uce OF The DEVICE. THIS 
FUNCAMENTALLY IS A PSYCFOLOGICAL PROBLEM OF TRANSFER OF 
TRAINING FROM ThE DeyICe TO THE AIRCRAFT THAT INVOLyES The 
FSYCHBLEGICAL SIPILARIT SETNERS TRAINER AND AIRCRAFT TASKS, 
IT IS heRE TERMED THe PROBLEM OF PSYCHOLOGICAL SIMULATION, 


A SURyeyY 8F MaNy 6F ThE PROBLEMS THAT FAVE ARISEN IN THE CONTEXT 
AF FSVERALSGICAL SIMULATION ITS INCLUDED, THE EXISTING TRAINING 
ReSeaRCh LITERATURE ON FLIGHT TRAINERS AND SIMULATORS IS 
FVALLATEC, ANC A NUMBER OF EXPERIMENTAL PROGRAMS ARE SUGGESTED, 
FLR yheR, IN Tree HISTORY BF THE CESIGN AND UTILIZATION OF FLIGHT 
TRAINING CEVICES, SEVERAL SPECIFIC PROBLEM AREAS HAVE CONTINUAL 
LY APPEARED. TpESE AREAS HAVE BEEN EXAMINED BRIEFLY, WITH 
FaPrICULaR grPhasts ON POSSIBLE EMPIRICAL SOLUTIONS, IN 

ACT ITION, MOTIVATIGNAL, INSTRUCTIONAL, AND METRBCOLOGICAL 
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VARTASGLES ARE CANSICERECe FINALLY, CONVENTIONAL THEORIES OF 
TRANSFER GF TRAINING ARE EVALUATED IN TERMS BF THEIR PREDICTIVE 
reFrcacy IN TRE ARTA BF FIDELITY BF PSYCHBLEGICAL SIMULATIENe 


Terre et eee ee Pee ee ee ee ee Pe PAP PCP Cee POPC Pe PCE RPC ee eae 


MUCK cok, FeAesy G@FERMAYFRe Rewes ANL HANKLBNs Weke TRANSFER ®6F 
TRAIN TILG WITH SIMULATED AIRCRAFT DYNAMICSS I» VARIATIA8NS IN 
Eerie ax C DAMPING BF TeE PHUGBID RESPBNSE» AERONAUTICAL SYS- 
TEMS ClVes AFRASFACE MECICAL RESEARCH LABBRATBRIES, WRIGHT@PATe 
TERE*N APRs Bee RETe WACD TR 60°615 (I1)» DEC 419616 


* ABSTRACT * 
TRIS SCPART 1S TeE THIRC IN A SERIES GF EXPERIMENTS DEALING WITH 
TRANCE: & BF TRAINING AS A FUNCTION 6F SIMULATED AIRCRAFT 
LANGT]UCTNAL CYNAMICS. SUBYECTS PERFERMED SINGLE DIMENSION 
CRMECKSaTORY TRACKING WI TR LONG PeRTBD (PHUGB]OD) SSCILLATARY 
CANyeAL cYSteM CYNAMICS, TWO EXPERIMENTS ARE REPORTED OEAL ING 
wyTR ChanGeS JN COLRSe COMPLEXITY aND aMPLITUDE SF The EXPERI. 
MeNral STIMULLS FORCING FUNCTION, INCREASING COURSE COMPLEXITY 
WAS FRLND 78 SLBSTANTIALLY AFFECT TRANSFER SF TRAINING, BUT NOT 
TRATNING PERFORMANCE, INCREASING COURSE Aree Avee MaRKEDLY 
AFF eCaeC TRAINING FERFARMANCE, BLy NOT TRANSFER OF TRAINING, JN 
CeMe hal, TRANSFER eFreCdS WeRE GReaTER FROM Less OyFFICULy 76 
Make CyPFICULy task CONDITIONS. THESE RESULTS ARg SUPERFICTALLY 
INSANE TSpehT Wyk PRevISUSLY ph Teo s7pUOteS, HOWeveR, MANY QF 
tee ERENAMENA ARe DIRECTLY atT I [BUTABL_e TE re eae we? 6F 
CaPFLe x GYStcem CYNAMIES RHICH WERE ABSENT IN PRIOR STUDIES, 


TREE PCP CCRESPEePEPErELOSe See eR REECE SESE CSET ESS ARES SELES SO 


MLCKLES, FA, BPERMAYER, RW, FANLON, WH, AND SERIO, F,P, 
TRANSFER GF TRAINING WIth SyMULaTeD AIRCRaFy CYNAMICS; III, 
va*tay{GhS IN CAURSe COMPLEXITY ARO beatin 7: AERONAUTICAL 
SYSTEMS Clye, AEROSPACE MEOITCAL RESEARCH LABSRATORIcS, WRIGHT. 
CATTFRSON AFB, Sky RPT. WADD TR 6g"615 (III)» DEC 19616 


* ABSTRACT +* 
TRIE Fe FRRy TS zee SeCBND IN A SeR ies DCeaLING WITH TRANSFER 6F 
TRAINING AS A FUMES TON 6F hPbapokl 4 ALRERAF LONG] FUDINAL 
PyNaM1Cg, SlPueC7S dh eal SIhGL_ DyMENSTON COMPENSATERY 
pRaCkKy\G wrth LONG PeRrel (PHUGB]D) BSCyLLaTORY CONTROL SYS7EM 
PySaMics, THRee EXPERIMENTS ARE RePOR ED DEALING WITH 

VAR ATIGNS IN CBNTRAL Gath, INCREASING CONTROL GAJN RESULTED JN 
eGlaLLY HKIGR FRAINTNG AND TRANSFER PERFARMANCe FOR aLl OSCILLA. 
TARY p5ahSleNy CANLTTIGNS S7UDIEC, BUT at A LOWER GAIN Level, 
CTONTE I Cant CLFFeRENCES WeRe FOUND, JF Rate BF ONSET OF THe 
TRANG reNy CONCTTIOKS weRE NBT esuate® By ADJUSTING CONTREL GAIN, 
SIGNIFICANT NeGative RELATIVE TRANSFER GF TRAINING WAS ELICITED. 
eGLALITZATIS BF Rate OF ONSeT, HOWEVER, SUBSTANTIALLY REDUCED 
TRAINING FeRFSRMAKCE DIFFERENCES AND ELIMINATED NEGATIVE 
TRANSEL IE EFFECTS. 
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wR TEPER TERE REECE CSECES ES EP SCE SEES ESTP EEE TSEC ERPS REE ESTE Se 


MUCKLER, FeAes BEERMAYERs, ReWes KANLONy WotHe AND SERIOs FeP. 
TRANSFER BF TRAINING WITR SYMULATED AIRCRAFT CYNAMICS! [Ie 
VAFTATIGNS IN CONTREL GaIN aND PRUGBID CHARACTERISTICS, AERO. 
NaLTICal SYSTEMS Clye, AEROSPACE MeO Eat ReScaRCh LABBRATORI cS, 
wEIGHTSPATTERSPEN AFB, OF, RPT. WADD TR 602615 (11), DECe 19616 


» ABSTRACT « 
TRIS REPART IS Tke FIRST IN A SERJES OF EXPERIMENTS DEALING 
wITr TRANSFER @F TRAINING AS A FUNCTION 8F VARIATIONS IN 
SIMULATED AIRCRAFT LONGI TUL {NAL DYNAMICS, SUBLECTS PERFORMED 
e1MGLe ote NS]AN PONE peearnn TRACKING wITH aN aPPaRaTUS USING 
LANG PERIGU BSCILLATORY TRANSIENTS (THE PHUGBIO i tie AS 
CaNrRaL sYSteM CYNAMICS, TWO EXPERIMENTS aRe DISCUSSED; 
(A) PERTAC ANC CamPING VARTATISNS OF Tre PHUGOID RESPONSE, AND 
(P) FylLey ANC N@NSPyLET PERFGRMANCE WITH A VERY LONG PERIOD, 
FASRLY CAMPEC TRANSIENT. 


POPESCU VPEPEC ESSEC ERC ESSEC EES CCRT E ESET EEE TESS ERR RSS E SS 


MLCKLER, FeAe AND SBERNAYER, ReWe CANTRAL SYSTEM LAGS AND MANeo 
MaChINe SYSTEM PERFARMANCE, NASA CANTRACTAR REPORT NASA CRog3, 


wLLY 19648 


* ABSTRACT *# 
THIS Re vig pxar ines The ManUak CANrRBL SYSTEM LIteRaTURe ON THe 
eFFecrS 8F S¥SteM LaGS 78 CLARIFY Mav6R CONCEPTUAL, ANALYTIC, 
ANC ye RMINOLOGICAL PROBLEMS, FSLR CBNzROL SYSTEM LaGS AR 
CeFINeD; TRANSMISSION, EXPONENTIAL, SIGMBID, AND SSCILLATORY 
TBAKSG NT CELAYS, THe EFFECTS OF CaGs aN HUMAN PERFORMANCE ARE 
ILLLS7RareS THROUGH STUCIES AF SINGLE CONTROL LAG VARIABLES, 
F6heyeR, SINCE The INTERACTION SF TASK VARIABLES MARKEDLY 
INFLUENCES TRACKING PERFERMANCE LevelS, AN ANALYSIS OF The 
CONTROL LAG LITERATURE 1S CANDUCTED ACROSS The FOLLOWING TASK 
VAFIABLES: SYSTEM INPUTS, INFORMATION SOURCES, SPERATOR 
CANTRALS, CONTROLLEC ELEMENT AND ENVIRONMENTAL VARIABLES, 
ADDITIONALLY, The RELATION peTwEEN CONTRAL LagS AND THE 
PRACECLRAL VARIA@LE OF TRANSFER OF YRAINING IS DISCUSSED, 


POE VEVECECEICEOCOCCEECCOCL CTO EET EET TTA SE 


MLEC, S$, tASSESSMENT OF THe FICELITY 6F DYNAMIC FLIGHT#SIMULA. 
TAFS+. «eRKUMAN FACTORS! 10: 351°358, 19686 


* ABSTRACT # 
THE EVALUATION 6F DYNAMIC FLIGHT SIMULATORS IS CONSIDERED FROM 
The STANOPAINY BF Tre EFFICIENCY AND VALIOITY 6F The CURRENTLY 
LSEC FILOT EVALLATIANS AND ASSESSMENT TECHNIGUESe A SET OF 
ReGlyReveNTS FOR ah TOpak FIOELITY MEASUREMENT TECHNIQUE 1S 
PRESENTED, FOLLSweO BY A COMPARISON BF THE TWO GENERAL 
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AFERAacCkKeS TA FIRELITY MEASUREMENT, THE ANALYTIC AND THE 

EMF IR TCAL» wITe REFEKENCE Te THOSE REQUIREMENTS e A HYBRID 
MeTRSD WRICK INVALVES TREE USE SF PILOT PSYCHEOMBTBR RESPENSES 
RATRIK THAN VERBAL RESPENSES IS INTROBDUCEDe TRIS TECHNIGUE 
RETAINS TrE SLAVECTIVE CRKARACTERISTIC 8F RATING SCALES, BUT 
FREevVTDrS INFARMATIAN AF AN ANALYTIC NATURE THAT IS MERE AMENABLE 
TA ENGINEERING ANALYSISe PROEBLEMS INVALVED IN THE DEVELO@PMENT 
RF Thr TECHNIGLE ARE CONSIDERED > 


Tarte ce cee eee eee ee eee eT CCRC oP RA eee PSP Ree ee SS) 


MULEFR\, Code TRE PHYSICAL AND FUNCTIGNAL CHARACTERISTICS OF 
FLTGkT CANTRBL SYSTEMS SIMULATSRS. 'UeSe NAVAL AIR DEVEL@PMENT 
CENTER, COHNSVILLEs PAs REPART NADC*EC “5913s 28 APRIL 19596 


* ABSTRACT * 
TEE PRYSTCAL aX FUNCTIONAL CHARACTERISTICS OF FLIGHT CONTROL 
SYEpeM CPMULATORS CURRENTLY SERVING THe AIRCRAFT INDUSTRY WeRe 
Cetedh ihe C ANC afc DIS Kseat, SIMULATION METHODS AND TECHNIQUES 
ake Py SCuUSsel PRIEFLY, FACTORS INFLUENCING The DEGREE OF 
CAYELL xITY SF FLIGHT SIMULATORS ARE EXPLAINED, . (AUTHOR) 


TTT tre eee eee eee Pe eee POPC eR PCE CP RPT ESP PP RAPP PP 


webs “YLES*e ET AL @ VIBRATARY SIMULAT8R MOTION SYSTEM 
FATENT NRe 30984s9C4 
FrLeEr CLAE 23, 1975 GRANTED OCTe 12% 1976 


NS ANSTRACT 
CCT TT Creer rrr rrrrcrrrreererererererLee ee PERT E LASSER ASL SR SD 


NaCeL, AeBe VIBRATION. IN BURNS, NeM,, CHAMBERS, RM, AND 
keNCLe %, Eo (€0S.) sLNUSLAL ENVIRONMENTS AND HUMAN BEHAVIBR:, 
CallreReMACMILLAN LTD.es LONDON» 1963¢ 


* ABSTRACT * 

THIS ChaPteR 7S FRIMARILY CQ@NCERNED WI Th THE eFFeCrs OF 
viIPSazpsRy FORCES LFAN BYSLEGICAL SYSTEMS, PARTICULARLY THE 
KUMAR GRGANISM, EXPERIMENTAL STUDIES LSING ANIMALS AND HUMANS 
ARE TeSCFIPEC, PeRAVISRAL EFFECTS BF whOLE@BADY VIBRATION AND 
PRATECTION AGAINST VIBRATION ARE aLS® COVERED, 


Leer rT Cer rererrrrrrer Ler errer eer ere SEP ERE RR ee etl 
NACL EF,G, The Me ASUREMENT oF THRee SOIMENSTONaL HUMAN MOTIONS, 


TN PERNETT, Eo, DEGAN, oe AND SPIEGEL, Ue (EDS.) HUMAN FACTORS 
TN TECKNALAGYs, FUMAN FACTORS SOCIETY, MCGRAWeHILL; NEW YORK, 


19636 
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* ABSTRACT * 
TRIS REFBRT DESCRIPES TRE DESIGN AND Use OF A CEVICE DEVELOPED 
FEIMARILY FOR TRE STUCY BF WORK METHODS, EoGe, TIME AND MBTIAN 
STLOTESe “OTIAN TS MEASLRABLE IN TERMS AF ACCELERATIBN, 
VELAC TTY, CECELERATION, P8STTIIN IN SPACE, TRUE DISTANCE 
TRAVELEC, ANC TIMEe WHEN SUCH MEASUREMENTS ARE MaDe FSR BADY 
MEMRERS, CERTAIN FACTORS FAVE TO BE CONSIDERED. ThE 
VEASLREMENTS MUST BE THREE=DIMENSTANAL, ANY ATTACHMENTS TO THE 
PALY ~cMRER S7TLOTED MUST BE SMALL AND LIGHT. ANY MEASUREMENT 
MeVICe CeVELSFEC MUST BE USABLE UNDER ACTUAL gPERATAR 
CA@NCYTIA@NS+e The RANGE BF VeLBCITIES MIGHT Be RATHER SMALL 
(C T8 10 Fie/StCe), WHEREAS THE RaNGE AF ACCELERATION AND 
PECELERATIAN COLLOE PE LARGE. 


AFTER INVESTIGATION SF MANY POSSIBLE APPREACHES FAR MAKING 
TKESE MEASLREMERTS, IT APPEARED THAT Tre OBPPLER EFFECT WITH 
SALAM aS The RACIATION MECIUM PRESENTED THE FeweST BBSTACLES TA 
Thr SLCCESSFLL CEVELAPMENT BF A WORKeMEASURING CEVICEs THE 
CevyCe Cevrlsecee ys CaLLeC THE UN TVERSAL BPERATOBR PERFORMANCE 
An ALYZER AND FECARCER (LN@PAR)° 


TERR PERPCESEECECCEESCELES ESE PSEA EEEPPS ERR ERR RR E PEAR TS EP E  S 


NEWELL, Fel. A STANDARCIZED SET OF SYmRBLS, NOTATION ANC EGUAQ 
TIPNS SF MOTION 76 Be Usel IN C,A,L, FLIGHT RESEARCH REPORTS, 
FEM 461, CORNELL APRANALTICAL LABORATORY, INC, FLIGHT RESEARCH 
REPT es 24 NHVe 195260 


* ABSTRACT # 
ANCARC was PaSeD BK CAREFUL STUPY AND COMPARISON OF ALL 


EIS St 

fark eeL AEFONALTICAL LABBRATARY REPARTS AS well AS ee OF THe 
NAC 4., RECAGNIZED TESTS AND ark FARCE AND NAVY SPLCIFICAL 
TIPRS IT wAS FeLT TH Be A REASBNARLE COMPROMISE IN LIGHT AF 


The MANY LSAGES TEEN COMPBN, ESPECIALLY IN REFERENCE TO THe 
Srapiltry CeRIvATIve DEFINITIONS, 


TUrre rer ere eP Ree POPCEREC ECOSOC OEP eee PETES EET EPPA EPPA RS SS 
Newell, Fel. 'CRITERIA FOR ACCEPTABLE REPRESENTATION OF AIRe 


PLANG CYNAMIC kESPANSES JN SIMULATORS LseEO FOR PILGT TRAINING, 
NAVTRACEVCEN 114601, SEPTEMBER» 19626 


* ABSTRACT +# 


TRIE ReoPBRT ESTAPLISHES The APPLICATION BF MEASURED PILOT 
SeSStrfyITleS TA ATRPLANE DyNAMICSRESPANSE CHARACTERISTICS, AND 
TE AyIATION he AFAN SYSTEM TRAINER ACCEPTANCE CRITERIAe 


Re ASANS weY STMLLATARS SRBULD He SURVECTED TO TRANSIENT 

ReSFINSe TESTS, Tee ORIGIN AND APPLICABILITY 6F HANDLING 
GLANTITIES EVALLATIAN DATA, AND THE EVALUATION PILOT ARE 
PySCusSeO, A SPECIFIC CISCUSSION SF EACH IMPBRTANT 

LANG TUE TAL AND LATERAL SCIRECTIANAL HANDLING GUALITIES 
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PAPAMETER IS GIVENe PILOT SENSITIVITY T8 EACH PARAMETER IS 
MeTeGmingCe 6h TRE BASIS SF PILOT SENSITIVITIES OETERMINED 
FEAM THE STURY, ACCLRACY REQUIREMENTS FAR SIMULATERS ARE 

CITVEN anr CISCUSSEC. A FUNDAMENTAL PREMISE 8F THE STUDY [IS 
TRAT Tree SIMLLATAR REPREDLCE ThE DYNAMICS AF TRE AIRCRAFT WeLL 
SNSLGR SA THAT Tre FILOT IN TRAINING WILL USE THE SAME 
TETRSIGLES IN The STIMULATOR AS KE WILL IN THE AIRCRAFT. 


Taree e eee ere ee eee ee Pe PT CCRC eee Se PPP | 


NEYELL» Fele ANC SMI Ths Rede HUMAN TRANSFER CHARACTERISTICS IN 
FLICR? av€ GRALAL SyMLLATION FSR a ROLL TRACKING TASK NASA 
TReCeGCC7s 1969. 


* ABSTRACT * 
TPANGEL R ERAS ACTERISN 16 FOR TrRee PILES WERE MEASURED IN 
FLIGky, aXC JN a GRELND SyMULATBR FAR a COMPENSATORY ROLL 7RaCk, 
TNS taSk WITR SMALL BANKSANGLE DISTURBANCES, The FORCING 
FUXCrr9N IN cack CaSe CONSISTED GF THE SUM OF TEN SINE Waves 
a1TTR a BaNOWICTe BF 7.65 RADTANS/SEC, aA VARIABLE STABILITY 1-33 
EFLaky sag LSeC 7A AETAIN THe FLIGHT MEASUREMENTS. “GROUND SYJMU. 
LATA we aSlke wp NTS heRe wITK BETF THE Te33 PLANE AND A GENERAL 
ELSFae. gy’ULarakR WHICH USED A CAntaCy ANaLOGU Ee C8LeR DISPLAY, 
THE ey TyFFERENT CantRellb_el LEreNTS WeRe Used 2. TWA ar THESE 
wee cyMPle GyNGl_e CeGh ee aF ReeDem eleMeENTS THAT HaOD PRevy6Us. 
Ly 8 ,\ sthOpeO. the TRIRD wWaS a MULTIPLE CeGRee OF FREEDOM 
pLoMP NY REPRESENTATIVE AF OA PLANE WITH GOBD HaN LING QUALIT] S; 
av! te waS CANS Io eh EO ANC C@NTROLL ED as A SINGLE DEGREE OF FREE. 
Pav CaF pClRappAn TA ROLL, @NnlY pHe MULTIPL_e CEeGRe_e OF FREeEDAM 
Cys peel eter est has FLOYN IN aCyUAL FLIGHT, TWO TECHNIQUES 
were US_el TS GENERATE Tre TRACKING TASK IN THE Te33 VIZze, 
te Ter FORCING FURCTIOUN WAS INJECTED DIRECTLY INT@ THE DISPLAY 
ant 
a. Tee FORCING FUACTIAN Was TNTRADUCEC THROUGH The AILERON Can. 
TROL SYSTEMe 
tN FLYyGry, qre FIRS7 CANFITGURATION HaD 78 43 FLOWN UNDER IFR Bee 
Cals, tke MO7FPN OF phe PLaNe WaS NOT AECES ARILY IN HARMONY 
atte pee INSTRUMENT IOLSFLAYED MOyyAN, tHe SECOND CANF I GURAyTION 
was FUER UNDER yFR a~ND Re MATION WAS JN HARMONY WITH Tre vIS. 
Lsl MySPLaY, IN phe CONTACT aah ALOGUE SIMULATA@R, THe DISPLAY 
AFPROyTMatTeO zeke VFR DISPLAY BUT THERE WeRE NB NON.VISUAL CUES, 
rhe FeSluTS SF zeke SIMPLE CANTROLL ED ELEMENT EXPERIMENT aGReE 
aeic alt’ FReyl@cS ReSuL TS. FSR The MULTIPLE pe ekee OF FREEDEM 
CeNTHGLLEC EleMeNT EXPERIMENT, A NATICPABLE EFFECT BF DISPLAY 
wat FuLNC, Fak TRIS ad pe ia, WHICH wAS pa Sagi TO A SsMaLlL 
Ppt hg Ce BahkeahGle TRACKING TASK WITH GOBO CONTROLLED ELES 
MeN CYNAMICS, NAReVISUal MAazTBN Cles APPeaReD 7O Be OF LeSS [Me 
FOS yaANCe THAN vISlAL CleS, THE THRee PILOTS ExhIBITED SIMILAR 
AC APraATIONS 7H - ACh OF ThE CONTROLLED eLEMENTS, ALTHOUGH BNE PIe 
LAr shah ie LSeD A mene” GAIN IN THE Te33 GROUND AND 
FLIGHy TRIALS tran CID ETHER SF tHE BrrER TWO. 


Crt rrr creer rr eCreee PO Ree eee eee ee TC RRR eee hee DL 
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NEATBN, geMe "TRAINING EFFECTIVENESS AS A FUNCTISN OF SIMULATOR 
CAMELEXITY's USATCCs PERT WASHINGTANs KEW YORK, TECKNICAL REPORT 
NAVTRACEVCEN 458=44 SEPTs 1959* AD 23¢ 996 


* ABSTRACT *# 
TRIS STLCY CAMPARED TRE EFFECTIVENESS 8F TRAINING DEVICES 
FAVING FIVE CEGREES BF SIMULATISN OF AN OPERATIONAL TASK. 
TRE TASK SELECTED WAS S\E*MaAN CBAATPBL JIN CBURSE AND DEPTH OF A 
hI Perl SUBMARINE WITr PERFORMANCE MEASURES OF DEPTH 
CRANKGTNEG ONLY, CALRSE CRANG]NG BALY ANC SIMULTANEBUS DEPTH AND 
CALRSe CRANGIAG IN SUBMARINE STEERING avD DIVING TRAINERS © 


ALTRALGrR ThERE WERE GENERALLY NO SIGNIFICANT OIFFERENCES 
AMALAG TRE FIVE CANCITISNS, THE TREND waS FOR THE MEAN SCORES 
TA PE RANKED IN BRODER BF SIMULATAR COMPLEXITY. 


It wag CANCLLCEC ThaT EFFECTIVE TRAINING C8ULD BE PRAVIDED wITH 
aA SIMPLIFIED TRaINeER aT a CANSICERaBLE CEST REDUCTIAN, 


PRPC RPPRPESESSEE ESC EPC EES SESS Ce Pe CASE TES ESRC RSE PERE RRA EERE EE 


NTChALL, ce THE ECBNO™CS BF THE ULTIMATE SIMULATOR. IN PROS 
CeeCINGS T¥B.CAY SYMPOS]LM BN FLIGHT TRAINING SIMULa~TORS FAR yHe 
70'S. taThsysTe BCTEBER, 1970 THE R@yAL AERONAUTICAL SOCIETY, 
4 FaMrLTAN PLACEs LANCEAN WIV 6BGCe 


* ABSTRACT * 
IF SIMULATARS CIC NAT Save THE ATRL [NES MONEY THEY WOULD Noy 
exISt, IN TRIS PAPE I FAVe GIVEN ROUGH APPROXIMATIONS 6F 
CR’FaRaTIve COSTS FAR VARICUS TYPES 8F SIMULATORS, I.Ee, SIMPLE 
CURRENT STATE BF The ART FULL SIMULATI6N, AND THE +SUPER 
SIMLLATBR1, IN Tee PAST BBAC HAS Be TEN ACHIEVED VERY LOy 
TRANS TTI“GN ANC Re CURRENT TRAINING TIMES USING CHEAP ANALOGUE 
SIMLLATARS WITH MOTION BALY IN PITCH, CURRENT STATE BF THE ART 
CIMLLATARS BFFER A CLEAR ADyANTAGE SvEK THESE PREVIOUS 
SIMLLATARS, FESweyER, UNLESS THERE IS A BREAKTHROUGH TB A NEw 
TETRNBLEGY GFFERING LOWER PRICES FAR GREATER SOPHISTICATION, IT 
1S FKIGRLY UNLIKELY THAT Tee SUPER STIMULATOR WILL EVER BE 
ELAChASEC RY ANY AIRLINES 


TRS OST CT TEEPE REC UCCOCLCOCSCCS ECCS COOPER CEES TEPER STS ERR EEE SALES ES 
C. NUNEZ © MOTTAN SyMULATAR 

FATERT Ne 3*890722 

FILEC SEPTs 4, 4973 GRANTED YUNE 24s 14975 

NB ARSTFACT 


POWEUETUEELELELECEERECCOSEC CSCC RC CEES EEE SEE EASE RARE O ED 
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PeTARA R, FeDeTe A LBWeCOST BNE CEGREF OF FREEDOM FLIGHT M@TION 
cyvctTem~, RAF ITNSTITLTE BF AVIATIBN MEDICINE, FARNBA@RGUGH, HAMP. 
SeETRG 8 yam TECRNICAL MEMB!' 3C14 UUNE 159676 


* ABSTRACT * 
A LA» CEST FLIGHT MOTIGN SIMULATOR WAS REGUIRED BY THE 
FSYCEKALEGY SECTIAN HF Tree ROYAL ATK FARCE INSTITUTE BF AVIATION 
MeP Icy pe IN BROFR TA MAKE A PRELIMINARY ASSESSMENT OF THE VALUE 
sF Mappan CUES aS AN AIP TA REALISM IN FLIGHT SIMULATION, AND 
Fr& GyrER RESEARCR WARK WRERE FLIGHT MATION CUES WERE REGUIRED. 


THT NESIGN PERFBRMANCE WAS AS FOLLAWS? 


FITCR AMFLITUCF: +15 DEGREES, -1ic DEGREES 


MaxTMLM ANGLLAR VELGCITYS 035 RADIANS/SEC 
MAXIML™M ANGULAR ACCELERATION 3 RADIANS/SEC SGUARED 
FREGLENCY RESPONSE AS HI]Gh AS COULD BE 


AT A L8W C8STs AND AT 
LEAST COMPARABLE WITH 
EXISTING SIMULATORS. 


TWEVERPEPECULEOUPOERE CECE SESE SECO RPE ee ERR AER PRS RR RARE AA DD 


a farncok, F.Cyt, a SIMULATOR CaLLeD HOPE, HAIR CLUESI, FEB, 3968 


* ABSTRACT * 
TRIE Far, R OFSCRIBES The CeyeLOPMeNy BF A LOW COST FLIGHT 
MOTTA SyMLLATAR, THe SFE TF rCaTIAN Called FaR A DevICE WITH 
FRee fav gh FryrCr QNLY, BLT OpSiGNeD sO zHaT RELL MB7yEN COULD 
ac atert LAaTerR, IF REQUIRED, The COMpLTER ASSOCIATED WITH IT 
vac aN GLO SALNCERS.ROE ANALOG CAMPUTER AND the COCKPIT WAS THe 
FRAny GAM PF a bUNTER Fy AIRCRAFT RIMMED IN wWeIGhT 78 600 
FAUNNS, FlylRe FLANS INCLUDE A yISUalL SYSTEM 78 PROVIDE A yFR 
CaPa rly 7Y, FeSeaRCh PLaNNe D FOR tH. SIMULATOR WILL Be IN THe 
APe aS ME FYOeLT PY PF STMULazI@N a~ND THe RESULTING TRAINING 
cFFeCriveNeSS, 7 1S H6PEN HAT HIS RESEARCH WILL Lead 76 
ert Cuaryes Be ING be sionec Fek MaxyMUM CAST EFFECTIVENESS AND 
FAR th, CORRECT SRARING OF ReESSURCES AMONG THe MANY ASPECTS OF 
ey’LLatyAN PeRFARMa~NCe WHICH aCD UP 7B tHE OPTIMUM REALISM AND 


TRAINING VALLE. 
TREE TEEPE CELE Le 22 22 6 522 2.2 cei td. bo. fded th deditetetnehadeieteiatelicteieieleieh Mebane 
eprRi ave, Reh, MEASLPEMENT CRITERIA IN MAN MACHINE SYSTEMS 


SyMEL ATION, tNATTARAL ARRANAUTICS AND SPACE ADMINISTRATION Ree 
FER T+ RASA CRelG7, GULY 19656 


* ABSTRACT * 
TRIG WLP IRT CeSCRpieS SIMULATION, MADELS AND GAMES AS 
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ANALAGIESe TREY RESEMBLE IN SSME WAY SSMETHING ELSE ABBUT 

we TCk INFORMATIBN IS DESIRED. WE MAY THEREFARE MEASURE AN 
ANALAGY TNSTEAD BF TRE REAL eWARLD ABVECTe CRITICAL DIMENSIBNS 
SF ANALGGIES AFE ThE LEVEL OF ABSTRACTIAN ANDO THE FIDELITY OF 
SCIMLLATIANs HOwEVER, IF TRE SBYECT IS TA MEASURE, THE MOST 
CRITICAL ASPECT IS THE VALIDITY BF MEASUREMENT, UNFORTUNATELY, 
val rCrry 1S Net alwaYS a PRaCrICal C8NCEPT, SINCE THE 
BaceCtive “EASLREMENT IS TH CERT VE INFGRMATIGN, SIMULATION 
SylCteS ake ANALYZED WItr ReSPeCT TA INFORMATION OBJECTIVE IN 
The ATTEMPT TO CeRI ve CRITERIA FOR MEASLRE SELECTION, (AUTHOR) 


ToS eee re eC eC eee PPC SPCC OLS EP SPC PPS RCPS ACE PAC PSP CP CRP PPP PS eee 


ACKER, weCe FL AL = PRE#FLIGHT REFLEX AND GUNNERY TRAINER 
FATENT NOe 223160181 
FILED SEPe 10, 1941 GRANTES APRIL 13% 1943 


NP ARSTRACT 


ware erererreRCOESPCPPSCES ESE SECS ERE RES SE RSE RRR RRR RRR ERR RRR RRR 


SCIERNA, AeVe + A SYNERGISTIC SIX DEGREE OF FREEDEM MOTION Base 
SySTEM1, ATAA VISLAL ANC M977 8N STMULATIBN TECHNOLOGY CONFERENCE 


FAPER 7ce358> 
| 


* ABSTRACT * 
Ca”eL TER SIMULATION KaS eeCeME A VITAL PART BF THE CEeVELEPMENT 
SF FYGELY SAFRISTICATED AND EXPENSIVE MECHANICAL ba Hee IT 
SFSRTENS CeveLGeMehT TIME By REVEALTAG PROBLEM AREAS DURING THe 
ReSTGk FASC TAT WAULD NORMALLY Be BRALGHT TO ATTENTION BNLY 
CURING tee TESTING PHASE, AND RECUCES The PROBABILITY BF CB8STLY 
SLPFRISES LATe IN The D eter BF The SYSTEM, THIS gs 
CISCLSSES THE COMPUTER bY ULATION OF A SIyxeDEGREE SOF AF REEDS 
MATION SYSTEM, IN PARTICULAR THE MOTION Sy¥SteM DYNAMICS ANU 
kYTRALLIC SYSTEM, PARTICLLAR ATTENTION IS GIyEN TB THE 
CeRIVATIAN 98F Tee ReLATIVeLy SIMPLE EQLATIONS USEC IN THe 
KYCRFALLIC MATR MACEL, WICH, ALANG WIThK BASIC ASSUMPTIBNS, 
Fefllrel fh A ReaS@haple STIMULATION OF THE MATISN SYSTEM, 
ReSLLTS FRO" Bath Tee CAaMPUTER PRAGRAM aND The ACTUAL SYSTEM 
TeST Ace COMPARED TO SUBSTANTIATE THE ACCURACY SF The COMPUTER 
STMLLATICN. (ALTHER) 


PwuUrrrrerveERrEPCTOCTOCCICCOCCCOPSCC ASSES ESTEE ECR CRRA SRR Oe ee kd 


ACIERNA, AeV,y SIMULATION REQUIREMENTS atD TECHNOLOGY, VOLUME NO. 
2 REPART Be SIMLLATION OF MBTISBN, LINK/DIVISION/SINGER COm~ 
CANY BINGFAMTBN, NeYe REPORT NOe LR#23548"2s SEPTEMBER 1970 


* ABSTRACT # 
THIS STLCY WAS LACEPTAKEN TA DETERMINE WHAT KINC BF MOTION 
SYStem, FF ANY, SRALLO Be RECOMMENDED FUR USE WITH GROUND BASED 
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FLIGHT STMULATARS IN LPT 75990 IN BRODER TO PROVIDE THE MOST 
FEFECTI[ Ve TRAINING PROGRAMe A SURVEY AF THE LITERATURE WAS 
CASELCTER TH INVESTIGATE THe ACVANTAGES OF MOTIBNS THE 

AVATL ABILITY SF TRE VALLES RFQUIRED FOR MINIMUM AND MAXIMUM 
ACCELERATION FAR ThE REGLIRED MATIAN CLES; THE ORIVE SIGNAL 
FRILAStFRIFS CURRENTLY BEING DISCUSSED; AND EGUATIANS RELATING 
THESE SSTICN FARAMETERS TA THE ACTUAL FARDWAREe THE EFFECTS O6F 
VARISCS MABTIAN FARAMETERS SN TRAINING REGUIREMENTS WERE 
FXAMIKEC, WRERE RESEARCK DATA 8N MBTIAN SYSTEMS WERE NOT 
AVAJTLACLE, FIRST RAND EXPERTENCE IN THE DEVEL@PMENT 6F MeTIOEN 
SYSTEMS KAS LSEDe KISTORICAL CSST FIGURES WERE USED Té 
CANSTRLCT A REGRESSIAK ANALYSIS CURVE €8\ MBTIBN SYSTEMSe 

ATRKER STGNIFICANT CANSICERATIANS SUCK AS TRAINING VALUES, 
CAMPER ALITY GF FARTS ANC WEIGKT REQUIREMENTS WERE ALS@ 
CPNETICEREC. 


FROM rRrs STLOY IT 1S CONCLUDEL TRAT UPT 7596 FLIGHT SIMULATORS 
GKPLLI TNC@RF@RATE A SIx CEGREE OF FREETSM SYNERGISTIC MOTION 
Sy¥Ste we WITE A ge STROKE.’ IN ADCITIEN, APEAS weeRE FURTHER 
ReFINITIvE BATA IS NeECEC ARE ICENTIFIEO ANO yee USE OF THe 
apSChary SIMULaTIAK FER UNDERGRACLATE PILOT TRAINING FACILITY 
tS Re COMMEND EE TR PROVICK THESE CaTA 8 A PRIBRITY BASIS, 


MH HEHEHE EEE OHO EOE HHH EH HEH 


ALUF reel, C, RAYal apRCRaFy ESTABLISHMENT, ae ha gat INSTRU. 
MeNgaTIOh ANC ELECTRONICS DI VISTIAN. igege (PERSONAL COMMUNICA. 
TIAN REF TECK MEMS IN PRESS.) 


* ABSTRACT * 
FALR reS7 PILOTS FLEW A vTSL R¥VER TASK, WITKOUT AUTUe 
SyAPTLIZATION, USING A Fe ADLUP DISPLAY [N A SIMULATBR WITH 
FryChk FRee OAM, nbihiie ke New RESPANSIye MOTIEN SIMULATION WAS 
Bg ERP UN gaat be yer cece tion er Aj ot ee Se eree pacer 
APTLY 47a SEC FRACUCED FEeRFARMANCE WORSe THAN IN FIxeD BASE, 
aCveRSp FILO, CAMMERT, ANC NaUSEA IN 3 PILOTS, 


TaPaPrrreeeeCerreeCreereeee eee eC CSE REESE RS RRR RR RS ESA R RS ee SD | 


grverRy, ¢€,C MaDelL BF FUMAN DYNAMIC ORIENTATION PH D THESIS, 


MpPakyMenT OF aeRONAUTICS AND ASTRONAUTICS, MIT, 19746 


* ABSTRACT # 
phe MYSAMICS ASSACT ATE! WITH the fF CePrrON 6F ORIENTATION WERE 
Mafellel FuR Np aRetTeReSkealD aN SUPRATHKRESHEOLO VESTIBULAR 
CryhULy, a MebeL OF the JNFORMATION AVAILABLE AT ThE 
Fe® eRe Ral SeNsARs wHICk was CO8NSTSTENT WITH AVAILABLE N_URG. 
PhyeTalLacIC Carta waS DevelLAPed AND SERy~ED AS TR EASIS FOR 
thee “ELELS OF Tee PERCEPTUAL RESPONSES, AS A P nila a 
ASELMET TAN Tre CENTRAL FROCESSIR WaS ASSUMED 7O UTILIZE THE 
ThFARwaryBN FRAN Tre PERIPHERAL SeNSBRS IN AN OPTIMAL (MINIMUM 
Me Bh SSLARE ERROR) MANNeR TH PRODUCE Tre PERCEPTUAL ESTIMATES 
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SF OyNamMIC ORYIENTATIONe THIS ASSUMPTISN, COLPLED WITH THE 
MACELS BF SENSARY INFORMATION, CETFRMIANED THE FORM OF THE 
MACEL, FAR TRE CENTRAL FROCESSGRe COMFARISON BF MADEL 
RESFAKSES WITh CATA FROM PSYCHOPHYSICAL EXPERIMENTS INDICATED 
TRKAT »KILE LITTLE 8R NO CENTRAL PRACESSING May BE OCCURRING 
FaS c]™PLE SLFRATERESROLD Canal STIMULATION, a SIGNIFICANT 
FS®tyean @F Tre CYNAMIC RESPANSE TA TRANSLATIONAL ACCELERATIONS 
“LST Be aTTRISuteC TA Tre CeNTRaL PROCESSING BF BTALYTH 
INFRRMATITONe 


ThE FUNCAMENTAL MECRANISM “HICK UNDERL ES THe PRENBMENON aF 
VESTIBLL aR TKRESHBLCS Was SyUDT EL oN e Sarco By TE LINE THE 
ReSP9NSe BF SLAUECTS 78 A NeaR TrRESHELD STIMULUS CONSISTING 6 
A VELOCITY STEPLRAMP PROPORTIONAL TS THe SUM BF THe SUBYECTIS 
veleCrTY STEF att ACEEMERATION STEP THRESHGLOS,. EXPERIMENTaL 
ReStlL ys JNCICatel That CaNal ThRESHBLDS COULLC Be ACCOUNTED FAR 
PY g MACEL BF CeNzRal PROCESSING CANS{S7ING BNLY BF aN OFyIMAL 
FR8CrSSIhG SF aFFERENT FIRING RateS IN aDDITI ve NOISE wITH NB 
NeCessryy FOR PeRyFReRAL Cegl Z2ONe NONLINe ARI yIeES, 

A ay TITATIVE veEcLs OF thReSHOLO BepeCryON WeRe OevelOPec WRKICH 
CakReCrly FReCyCreC Lag) Stiles Levels (75% CORRECT DETECTION) 
ant RE GP ORS LaTeNCieS FOR ROTATIANAL SyIMULI, IT WAS FEUND 
TRAT Tre SAME CeteC TAR CALLD pe Used TA ee THE THRESHOLD 
FESEANSES ReSlLy ING FROM TRaNSLATIANAL STIMUL], 


tee 1LLUSTONS SF S7aTIC BRIENTATION WERE STUD] ED AND IT WAS 
SKIWN Trad TheY weRe CONSISTENT WITH A SIMPLE veCTGR TRANSFORM, 
aAtT@n wry k C@LLC Be ASSOCTaTEY WITH DIFFERENCES IN THe 
ER[CresyhG OF SyGNals gepeis FROM SryMULY IN ANC es 
FERECROICLLAR 76 The VIRICLE PLANe « A MODEL WAS DEVELOPED 

wh rck TNCOSPORAT EL TRIS OJFFERENCe AND wHICK waS CaPaBle 6F 
FReECICTING The FeRCEPTION OF BRT CRTATIGN IN AN ARBITRARY STATIC 
SFFECIFIC FORCE ENVIRONMENT, 


Tee PROBLEM BF INTEGRATING JNFORMATION FROM THE SEMICIRCULAR 
Cavals av The BTOLITHS TH pReECICT phe pERCEPTLAL ReSpONSe 18 
MATTANS WRICH S7IMULATE BOTH ORGANS WaS STUDI¢C, A MODEL WaS 
NeVeLAPeet wHICk WAS SHOWN TA BE USEFUL [N PREDICTING THE 
FERCEFTLAL RESFONSE TB MULTIeSENSBRY STIMULI, (AUTHOR) 


wR POE PERE EEC OREP RSE SESE SEP SPCR PEPER CERES SERRE RRS Be 2B 


aEMSRY, C,C, AND YALNG, LR, PERCEPTISN BF STATIC BRIENTATION 
IN A CANSTANT GRAVITOINERTIAL ENVIRONMENT, IN PRESS IN AERGS 
SPACe aNt ENVIRBNMERTAL MEDICINE, 


» ABSTRACT «# 
KLM AN PERCEPTIAN BF tke CIRECTISK BF Tre GRAVITATIONAL VERTICAL 
IN tke APSENCe BF VISUAL CUES, IS BASEC PRINCIPALLY 6N 
VESTIBULAR INFGRMATIOGN, THIS PAPER EXAMINES ThE SETTING BF THE 
APFaReNT VERTICAL (SUBUECTI VE INCICATIAN BF TrkE EARTH VERTICAL) 
LNDeR GLaSleSrazIC CONDITIONS, IN wHICk THe EFFECTS OF BODY 
ANGLL AR ACCeL Ee SaTIONs ARE ASSU" EC TO HAyve DeCayeo TO A 
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RECLTGTBLE LEVELe® ThE VARIETY 9F EXISTING DATA IS SHOWN TO BE 
CONSISTENT wITh A SIMPLE VECTSR TRANSFARMATIBN WHICH CB8ULD BE 
ASSRC TATSO wlth CIFFERFNCES IN TkE TREATMENT @F SIGNALS ARISING 
FOAM oryMLLI IN ANC STIMULI PERPENDICULAR T® TRE UTRICLE 

FLANGE . TRE CYNAMIC ASFECTS 6F INTFRACTIEONS BETWEEN SEMI @ 
CIFCLLAR CAN4L AND ATBLITEK SYSTEM INFORMATIAN ARE DISCUSSED IN 
A SERAGATE PAFER. 


TRIS PALER ATTEMFTS TS UNIFY TRE RESULTS SBSERVED AND RELATE 
THEM Th VESTIBULAR FURCTIAN BY? 


te [CEfURSTRATING TRAT A RELATIVELY SIMPLE CATEGBRIZATIEN OF 
TR STIMLLLS ENABLES 8he TO PREDICT GUALITATIVELY THE 
SeVTATIANS SF TRE PERCE] VES VERTICAL FROM THE TRLE 
PyTRECTIAN AF SPECIFIC FERCE> 


ze CAxSTRLCTION BF A MBCEL CONSISTENT WITH BOTH THE PHYSICAL 
Ee7klLCTLRE SF Tre G@TALITH SENSORS ANC wITh THE ABBVE 
CareCBRIZaTION EF STIMULI WRICH PREDICTS wiITH ReaSONABLe 
AGCELRACY The PekCePyT]8NS QF BRI ENTATION RESULTING FREM 
ak TTRARY CANSTANT SPECIFIC FORCE STIMULI, 


Tee er eC ee errr Cr eC Pee Lee eer er ee eT ee Te PPC PPA eee ee 


agMery, Cole aN YOUNG, LeoR, INTEGRATION BF SEN IO TREULAR CaNal 
ath napb pte JTNFARMAT ION FAR MULTISENSBRY StyMUL],. JN PReSS IN 
Tee CaURNAL AF MatheMATICAL BIUSCIENCES. 


* ABSTRACT *# 
th Teo PAFER The SLBUYECTIVe RESFONSES TO MULTI eSENSORY STIMULY 
(7ReS:E st MOLY we Ck SIMULTANESUSLY EXCITE THe SEMICTRCULA 
Ca®aL€ atl The STOLITHS) ARE MBDeLL EO AND THe PREDICTISNS OF 
THIS MOCeL CaMPaReD TA TRE APPRYUFRIATE EXPERIMENTAL DATA, 
RReytSls gbaNtItatlye “8CELS HAve DeALy ALMOST EXCLUSIVELY 
wrth phe ReSPONSe 76 NANTNTERACTING STIMULT (7rOSE STIMULI 
ak TC xC ITE elTrer Tee AD Nite 8R TH; oe EN a CaNaLS, 
PLT S4r ROTA) > week The SpPMULUS CLASS IS GeNeRALIz_e0 16 
TNELUC, aNY CaherhatIel BF ROTATIONAL Arcee eRATION IN THREE 
AMES a KUMECR OF SIGNIFICAN7 PROBBL>MS ARISE, AFTER WA 
remaL vs ake CISClLSseD, a MarHeMATICAL MO8DEL 1S DEVELOPED OF 
The Pearce Friar AF DYNAaMYC ARireENTATION wHICH Re SULTS FREM THe 
ravPrne ct EFFEC AF ARBITRARY ANGLLAR AND TRANSLATIONAL 
aCTel, ta~tIAhS, TO TLLUSTRATE THe USEFULNESS OF The MODEL FAR 
Tee TONCrFTUAL LNCERSTANCING 8F RESPONSES TAH MULTI «SENSORY 
Sri cl, THREE EXAMPLES gF THE GLALITATIVE APPLICATI@NS BF 
THE Melek ake GiyeN, The PaPeR CONCLUDES BY PRESENTING THE 
GLAnt TAT IVE Fre iCy1ONS BF THE MODEL ALONG WITH FREQUENCY 
ReSEINGe BF The MACEL FAR small PyTCH aND ROLL OSCILLATIONS, 


Terr ere er CC ee PPO PCP ECCT ESS OS SEOSCCOS EERE SS RPE SARS ERASE SRR ARRAS OD 
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FeGe PANCBE » MATION SYSTEM FAR AN AIRCRAFT FLIGHT SIMULATOR 
PATENT \Be 322812962 
FILED VLLY 31 1564 GRANTED NOVe 1s» 15966 


N98 ARSTRACT 


Taree Te eee Pe PREP eC PPP PSPC Tee ee SPP CRRA eee 


FeGe FANCB8E ET AL = MECKANICAL MOTION SYSTEM 
FATENT Ae 304542146 
FILED REC* 9s 1966 GRANTED JUNE Che 1969 


KH APRSTRACT 


Pare PeRrPEREEECPCreERELEPESEPCSERE ESSE CEP eR PEPE eT ee 


FeGe FANCBE = METIGN SYSTEM 
FATENT NAe 326192911 
FILEP MAY 199 1969 GRANTED KOVe 165 1971 


\9 ABSTRACT 


Tarr rrerrecrererrereeeeCrOCOCCCeSCeRSereee ire ce ee RPS ERASER 


FeCe FANCBE = MATION SIMULATAR 
FATENT N86 395772655 
FILES MAY 19% 1969 GRANTED MAY 4, 1974 


NA ARSTRACT 
‘TOrrrervreEeLrCPCOUCVUECOCOECOCOC SESE EERE RET EPEC ERR 


FARKER, DeMes SCHAFFER» yes AND COHEN, Eo ThE EFFECT OF PAST 
cXPERIENCE 8S MOTION SICKNESS PRODUCED BY VISUAL STIMULI. tJ, 
8F CFNERAL PSYCKALets 874 19724 €5768¢ 


* ABSTRACT # 
CeIN CONCLCTANCE MEASURES WeRe TAKEN FROM The yOLAR FOREARM SURs 
FaCe® SF cy SLECECTS WHE VigwWeO FILMS CePICTING The MOVING ENVI«~ 
RONMENT aS vIlewe®S §8N A VESSEL AT SEA’ THESE wk HAC LITTLE Exe 
FeFienCe wWITR Tre SEA WeReE LESS AFFECTED THAN weRe THOSE WITH 
BELATIVELY GREATER EXPERIENCE. 


THE RESULTS were TAKEN TO SUPPURT THE CANCEPT OF CONDITIONABILI« 
TY SF VESTIBULAR MECHANISMS ANC ALSO TA SUPPORT The ALTERNATIVE 
CANCERT BF HIGKER Level CONDITIONING WITH CORTICIFUGAL EFFECTS 
LESN BRAIN Ste” TRIGGER MECHANISMS, FURTHER RESEARCH WAS SUGe 
CeSte0 TAH RESOLVE Tee GLESTIAN. 
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Tarr rrr re ee ee eee eee Cee eee eT SPREE 


EASKE Rs Gere 

MPTRASTROANALTICS CATA BABK', SECBND EDITIEN, PARKER, JeF oy URe 

ant weST, VITA Re (ECS+) NASA SF=30C6y SCIENTIFIC AND TECHNICAL 
TKAFARMATION SFFICEs NATIONAL AERBNAUTICS AND SFACE ADMINISTRA® 

BE Nis AASFINGTEN, DeCeos 197360 


* ABSTRACT * 
TRIC pF FORT BEPROSENTS AN UPDATING AND EXPANSION GF AN EARLIER 
reCuvpe NT PREFARED FER Tre NATISNAL AERBNAUTICS AND SPACE 
AMMINIGTEATIAN IN 1964 BY WERB ASSSCIATESe 


TRIG f VISIBN wAS PREPARED BY BIB TECHKALBGY, INCe UNDER 
CANTIACT TA Tee AFEICE BF NAVAL RESEARCH WITH SUPPBRT FREM THE 
RATISNAL AFRANALTICS ANC SPACE ACMINISTRATION TA PUT WITKIN 6NE 
CAve® 4 CAND REFRESENTATISN BF APPLIED RESEARCH DATA FROM The 
va pels LIFe sCyeNCes, ESPECIALLY FROM a~PPLIED PRYS]OLEGY, THe 
ChAPreits SN ACCELERATION, VIBRATIABN, The VESTIBULAR SYSTEM, 
VISTSN, ani BLM aN CenyRel CaPasILities aRe PARTICULARLY 
AFFLTCaPLE TS PROBLEMS IN MOTIBN SIMULATION, 


TaErrrre reer eeePReCePR See SERPS AR ARERR RSA PCCP Re PSR eh 2 SS 


FaRke, Cybe ta COMPARISON BF STNUSBID~L AND RaNOBM VIBRATION 
cFFeECTS AN HUMAN peRFORMANCE?, RACING DOCUMENT 034351202, YULY 


1GFle 


* ABSTRACT * 
Tre Mabe SLBveCTS PeRFARMED a COMPLEX TASK DURING VERTICAL 
VIFF ATIGN IN & PRELIMINARY STUCY 78 COMPARE PERFORMANCE WITH 
cySlsarCal, CAakstahy PERTIBD RaNCAM aMPLy TUDE, ANC RANDOM (AIRS 
CRAFT TURBLLERCE) VIBRATION, PERFSRMAXCE SN TRE THREE SUBTASKS 
VASIcC: FERFARMANCeE ON A TRACKING TASK WITH CeELAYEC CONTROL 
S1SPLaY PReRCace WAS OPE ee AFFeCTeD WITHOUT FEEDBACK 
Relay; anl Respense tiMe CID NOT ChaNGe, 


Recll ps weSe anal Y7¢C Fak CeNSISTENT TRENDS IN VIBRATION 
er’ eC 7S aaa CauLf &¢ re wee gid WITH MECHAN]CalL AND 
FeYfhalgGiCal CeFyRrTIANS AF vVIBRaTyON FAR eVICENCe BF A HUMAN 
PePRusmeanCe FRaNSFeR FUNCTION FAR VIBRaTION, PSYCHELEGICaL AND 
AMPL 7 Ne 4ASeS FAR THIS FUNCTION CAULD NOT Be FOUND, 

VIUR ATION ACCELERATION (G) EFFECTS WERE NOT CLEAR, AND RMS 
aMFLrylCe PAW & waS CORRELATED WITH CHNSTANCIES IN PERFORMANCE, 
tr Wace ELEGESTED ThaT TESTING COMBINATIONS BF RMS aND FREQUENCY 
Catt GELATED FaCteks) CaULD Leal TA a PERFORMANCE TRANSFER 
FUNSCrp ON FERMITTING TRANSFORMATION BF RUMAN PERFORMANCE Carta 
FRAY cyNUSMIC gl 7B GPERATIANAL VIBRATING ENVIRANMENTS, 


wR ae Pee eee Pe PCP EP eRe Pee eT PRPC PP PSS CPP PPP PPP PPP PhS ee DS 
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FARKS, Cele "DEFINING FUMAN REACTIAN TS WHELE=BECY VIBRATION?®, 
'HLMAN FACTORS', 6CTABER 19626 


* ABSTRACT #* 
STANDARCIZED SLAVECTIVE REACTISN LEVELS FOR VIBRATION WERE 
CER YVEC USING 4€ PRYSICALLY FAT MALE SUBVECTS AGED 25 TO 4s. 
A pale ie eh yT Ren Seta, HARD SEAT, AND CAP Belt weRe Used ye 
ay3yO CysTRACTIGNS AND BTrheER INTERFERENCES FROM ENVIRONMENTAL 
sALFCeS, TA INSURE MOST COMPLeTeE TRANSMISSION OF THe SAME INPUT 
78 all SUByEC TS, aND Te CONTROL PASSIBLE FReGUeNCY PHASE SHIFTS 
ReTheeN TRE SLALECT AND TrE SEAT. 


FALR VIBRATION LevEeLS WeRE DERIVED: (4) DEFINITELY PERCEPTIBLE, 
(2) MYTLELY ANNOYING, (3) exreereey ANNOYING, (4) ALARMING, THe 
Levels heRe SIGNIFICANTLY DIFFERENT, faCh Level VARIED IN 
ACCELERATION aS a FUNCTION BF FREQUENCY, Data DESCRIBING 
VIPRATION EFFeCTS BN VISION, BY Level, IS PRESENTED TB INDICATE 
The vakICITY SF the LevebsS FYR Use aS S7ANDARD vIBRaTION 
C8NCy7re@NS IN TESTING HUMAN PERFORMANCE, 


RES EPECTESSESEESECSCSCOC SSE CEP eC ASES RAE ASS DD 


PARR Igk, ReVey CLEUDANNEs YeEe AND MARL INs DegeuRe 'MOTIAN 
SOF ywaRe FOR a SYNERGISTIC SIX-CEGREEAAFA-FREEDOM MOTION EaSer, 
NASA Th#73502 1973 


* ABSTRACT * 
CAYFUreR SOF rhaRe FAR Tre CANyERSTAN OF FIxeD, BASE SIMULATIBNS 
T\TA yoy RGR ASE SIMULATIONS UTILIZING A SYNERGISTIC SIXSDEGREE 
AF FRee CAM MOTISN SIMULATBR HAS BEEN Devel OPED, THIS SOFTWARE 
INCLLEES AN ACTLATBR EXTENSION TRANSFORMATION, INVERSE 
SCTLATOR, EXTENSION TRANSFORMATION; INVERSE ACTUATOR EXTENSTSBN 
TRANSFARMATION, A CeENTROEIC TRANSFARMATISN AND A WASHBUT 
CyRCLyT, FARTICULAP EMERASTS IS pLaCED UPSN yhE WASHBUT 
CIFCUITRY AS ACAPTED TE FIT THE SYNERGISTIC MOTION SIMULATOR, 
The DeSCRIPTIGN BF THE wASHBUT CIRCUITRY aND [LLUSTRATION By 
MEANS BF a SAMPLE FLIGHT EMPHASIZE THaT TRANSLATIONAL CUE 
REPRESENTATION MAY BE OF GBD FICELITY, BUT CARE IN THE 
SeleCTION AF FaRaMeTERS IS veRY NECESSARY, PARTICULARLY JIN 
REGARC 79 ANAKMALALS ROTATIONAL Cl_eS, 


wR PRP ER PERE CECC EEE SCC OSS S See PETES ETERS EERE RS EEE ALE EES SE SS 


FARRI Shy Reve antl CYEUCBNNE, yee 
FIRST ARDER WASHALT FOR A SINGLE DegRer OF FREEDOM UTILIZING A 
LiSe an FILTER, A NONLINEAR ADAPTIVE FILTER AND A DIGITAL CON~ 
TROELLER 

LANGLEY WORK ING PaPeR, LANGLEY RESFARCk CENTER, HAMPTON, VIRGINe 
TA Lwke4c932 VAN 19738 
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* ABSTRACT # 
TRE PRIBLEY AF FRAEVIDING RFALISTIC AND MEANINGFUL MOTIGN CUES 
TA A SIMULATOR FILAT WHILE SATISFYING TRE PHYSICAL CONSTRAINTS 
AE a waTyA@N Base IS TREATED USING A LINEAR FILTER, A NONLINEAR 
AT ARTI ve FILTER, AND A CIGITAL CANTROLLER FOR A BNE DEGREE OF 
FRTECMBM TNVESTIGATI@Ne RESULTS CEMENSTRATE THAT BETTER 
FITELITY BF MATIAN, IN TERMS GF AMPLITLOE ERROR, PHASE ERROR, 
ANP aX iMaL OLS CLES, IS SBTAINED WITH Tee DIGITAL CBNTROLLER 
TEAN wTTH FITKER TRE LINEAR FILTER BR TRE NONLINEAR ADAPTIVE 
FILTER. 


TwoaROPERREP EERE ESOP RES ESLER ESE PSSA ER RS RSE RRSP e eee ee st 


FARRISH, ReVep,p CIELLONNE, JeEe? MARTIN, Deedes AND BBWLES» Rele 
CAMRM NATED ACAPTIVE FILTERS FAR MYTION SIMULATORS. PROCEEDING 
BF Tre 1973 SLUMER CHOMPLTER SIMLLATJON CONFERENCE, SIMULATION 

CPLACILS» INCe wut ¥ 1973, PPe 295-3006 


* ABSTRACT * 
a Sek APPRBACR T9 FRAVICING MATION DRI ve SIGNALS T68 a FLIGHY 
SyULaTAR LTILIZING dilate a! ADAPTI ve FILTERS IS PRESENTED, 
seMe MarryaATIAN FOR tke USe AF CBBPDINayeD Waskely 1S DISCUSS_), 
aLANG wyrk CAnCyTyHNS TRAT DETERMINE Tre BURDEN OF 
CAARDC NATION, tke CAOBFCINATED aCaPrive FILTERS ARE DERI y_ed 
Ra~Sehm HN CANyyALAUS STEEPEST DeSCeNt, aXND The a~PPLICATION OF 
tke Fylere RS 7A SIMULATED FLIGHT CaTA IS DeEMBNSTRATEC, 


Oe HEN EEE HEHEHE HHH HEE HEHEHE HE 


FaFlych, ReVe, CYELDANNES Jobes MARTIN, DedewRs AND BOWLES,ReL, 
CEGRT YN prel ACAPY Ive WwASKBU FRR MO7 ION SIMULaTERS, AIAA PAPER 
NE. 7ae¢3Ce FALA ALTO, CALIFARNIA, SEPTEMBER 1973 


: * See ARGO * 
THIS Far. R INPRALLCES A ‘Ee MeTR@D AF PROVIDING pS Ne CUeS 76 
A MPyihG BaSe SrxePeGRee oFF FReeber FLIGHT STMULATOR 
br TL IZING SORLINE AR ated abe. CBERDINATED ADAPTIVE FILTERS, 
Lepl zt CBORE phate TRANSLATIONAL AND RATATIGNAL MBTION, ARE 
MeR ry. 7 caSel GN The MeTROD BF CANTINUSUS STEEPEST DESCENT, AND 
tee 9a51C CONC. Pr fF THE DIGITAL CONTROLLERS USED FER ThE 
URCARR Ph ATCO Reave AND Yaw CUES [S ALSA PRESENTED, THE 
CA*ROPNareEl ACAFTIVe WASHOUT METrFAD IS TLLUSTRATED BY AN 
AEPLICATION IN A SIxeDE GREG AHF eFREE DOM FIXEDeBASE ENVIRONMENT, 
plo [TN Ce AF ATRCRAFT, VAL 425 NAe 1, JAN 1975 


Pree eee eS ee Ak SAE 2d ehh bed bth dette iedetietetetateteieieieteh ded dete 


FAFRISK, Reve, CIELCANNE, UoEoe MARTIN, Doda, AND COPELAND, gle 
CAMEENSATION BAaSeC BN LINEARTZEC alalYs{S FOR a SIXsDEGREE «BF. 
Feeefiuh MOTIAK SIMLLATSR, LANGLEY PeSeaRCK CENTER, HAMPTEN, VIRe 
CINTA, NASA TECKENICAL NOTE TN#D=7349s NOV 1973¢ 
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* ABSTRACT # 
THE INERTIAL RESPONSE CFKARACTERISTICS OF A SYNERGISTIC, SIXe 
NeGRepeBFePREECOM MOTION BASE ARE paaees te” IN TERMS OF 
AMPLITLCe RATIS AND PRKASE LaG AS FUNCTIONS BF FREQUENCY DATA 
FAR the FREQUENCY RANGE BF INTEREST (QeeHZ) IN REAL TIME, 
SrGrral FLIGHT SIMULATARS, THE NOTCH FILTERS WHICK SMOOTH THe 
CYGltaL ORI ve SIGNALS TH CANTINUBUSLORI ve SIGNALS ARE 
PReSeNT|eO, The EXISTENCE IF AN INVERSE TRANSFORMATION THAT 
CANveRTS ACTLATOR exteNSIANS JNTO INVERTIAL POSITIONS Makes If 
PASSTBLe 18 GaTkeR the RESPONSE CaTa IN THE INERTIAL AXIS 
SYSTEMe 


PE REPEC EST ECE EECEST OSCE OS RRR EPCRA RES RP PP SEP ERP eee 


EFARRISH, ReVey KOLCK, UeAos ANDO MARTIN, Dede Uke EMPIRICAL CQMe 
FARIS@N BF A FIXEDeBASE AND a “BVING=BASE SIMULATION BF A HELI ~ 
CHAPTER ENGAGED IN VISLALLY CB8NCLCTED SLALOM RUNS* NASA 'LANGLEY 
RESEARCK CENTER TECRNICAL NOTE! De8424, MAY 19778 


* ABSTRACT # 
b\ EVALLATION STLDY HAS BEEN COMPLETED AF COMBINED VISUAL, 
MaTrAn AKC ALRAL Cles FaR A HELYCAPTER ENGAGED IN VISUAL 
CAKCLCTEr SLALAM RUAS AT LAW ALTITUDE. THE EVALUATION OF THe 
VISLAL ANC ALRaL ClgS WaS SUBYECTIVE, WREREAS THE MOTION CUES 
weRe EVALUATED BOTh SUBLECTIVELY AND SRVECTIVELY. SUBSECTIVE 
RETNTON ANC ABueCytve DaTA CONFLICTED IN THE OL TECTION OF 
CYFFeReACES IN tHe PeRF@RMaNCe OF a PRymaRY a~N0 SecONDaRY TASK 
UneEe Pe7TA8N aANC NA MATION CONCITIANS, SUBUECTIVELY, 
TIFFeReNCES IN FerRFORMANCE WERE EXPECTED, AND GBVYECTIVELY, NB 
SIGNIFICANT rag er ys mE DETECTED, HOWe VER SURSECT IVE 
aN? SpeCtIve ReSuLyS CaiKCyO—E IN rhe aRea OF CONTRO 
ACTIVITY, GENERALLY, LESS CONTROL ACTIyITY IS PRESENT UNDER 
MATIAN CANCITISBNS THAN UNDER FIXED BASE CONDITION, A FACT 
ATTRIBUTFC SLEVECTIVELY Te TRE FEELING aF REALISTIC LIMITATI@NS 
AF a MACKINE (RELI COPTER) Giyve% BY THe ADDITION OF MATION CUES, 
THE fHagECTI VE DATA ALS6 EVelLeATED THAT THE SLALOM RUNS wee 
CANCLCTER AT SIGNIFICANTLY HIGHER ALTITUDES UNCER MOTIEN 
CANCITIANS TRAN UNDER FY XEDLRASE CONDITIONS. 


wR rerPTE PEP PCEPEPC ELEC RSE Pee ETA A SAO Oe ee ee 


EARFISk, Rev, AND MARTIN, OQ, xP 
METRICAL COMFARIS®N BF A LINEAR AND A NONLINEAR WASHBUT FOR MO~ 
FLAK SIMULATORS, PRESENTED AT The ATAA 143TH AEROSPACE SCIENCES 


MEETING, FASACENA, CALIFERNIAs UANUARY 2022s 19756 


* ABSTRACT * 
The SUBSE CTIVE BPINIGNS GATHEREC FROM SEVEN PILOTS IN THE 
PrAcess 9F COMPARING A LINEAR AND A NOALINEAR WASHOUT FOR 
MOTION SIMULATARS ReyeAL AN IMPORTANT ADVANCE IN MOTION CUE 
PRESENTATION, Tee ADVANCE IS NOT IN The INCREASED CUE 
FRSyVICeEC EY Tee NONLINEAR FILTER OVER A LINEAR FILTER FOR ThE 
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cave ~MALNT BF MATITAN FASE TRAVEL, PUT RATHER IN THE ELIMINA} 
TYPN AF FALSE RATATIONAL RATE CLFS PRESENTED BY LINEAR FILTERS. 


eer ee ee eee eee er ee eee ee ee eee eee eee ee PRP PPP Pee PPP Ree ee 


PFARRIGCk, Reve AND MASTINg OCENNIS Yo URe 

EVALLATIAN BF A LINEAR WASHEGUT FAR SIMULATOR METIEN CUE PRESEN} 
TATIEN CLERING LANCING AFFROACHe NASA TECHNICAL NOTE TNeO=8036 
S9CTARER 19756 


* ABSTRACT * 
TRE CHMFARISBN BF A FIXEDeSASE VERSUS A FIVE eDEGREE eF FREEDOM 
MATIAR EASE SIMLLATISN (TRE HEAVE CUE wAS NOT PRESENTED) OF A 
727 CANVENTIBNAL TAKESGFF AND LANDING (CTOL) AIRCRAFT 
FERFARMING INSTRUMENT LANDING SYSTEM (ILS) LANCING APPROACHES 
kaS @ren LSEC TA EVALUATE A LINEAR MOTION WASRHBUT TECHNI GUE, 
TRE FACT ThAT Tee FILUTS FELT TRAT THE ADDITION OF MOTION 
ThCRe pSeN Tee PYLET wOFKLEAD ANDO ThIS INCREASE WAS NOT 
ReFlLeCcrem IN yee OPGECTIVE OATA RESULTS, INDICATES THAT MOTIEN 
CLES, aS PRESENTEC, ARE NOT A CONTRIBUTING FACTOR TA ROGTAMEANS 
sthapke (FMS) Fe RFORM ANCE CURING THe LANDING APPROACK TASK, 
SLPCe CTI ye RESULTS FRB™ STANDARD MANEUVERING ABOUT STRAIGHT AND 
LeVeL FLIGHT FeR SPECIFIC MATION Cle EyvaALUATION ReveAlLeD THaT 
TEE LAAGYTLOTNaAL ChaN\rbLS (PTToK aND SURGE) aNC POSSIBLY THe 
Yaw Chatthel FRACLCeE aCCePTaBle "@TIBNS, THe ROLL Cle 
BeEERe SENTATION, INVALyING BATH REALL ANC Sway CrANNELS, WAS 
FRLAR 78 Be INACEGLATE FOR LARGE RALL TNPUTS, AS USED FER 
rFeYAMELE, IN TURN ENTRIFS. : 


Tarr reer eee eee eee eee ee PPP eee Cee Pee ee eee PP PAPC eh ee 


FARRISE, FeVe AND MARTINg Ode whe 

The CAME,RISAN AF a LINeAR a~ND A NUNLINGAR WaShOUT FER METIAN 
SyMULaraRS UTILIZING @usECTIVE AND SUBYECTIVE CATA FROM CTOL 
TFARSPART LANCING APPRAACKES TNe052157, 19765 NASA. 


* ABSTRACT * 
RPoeCyIVr ANC SLPUECTIVe Data GaTHeRED JN The PROCESS OF 
CaMPagtnC A LIAEAR AND A RONLINEAR WASFAUT FOR MOTIAN 
StMLLaTaFS Reyeal TRAT ThERe IS NO CIFFERENCE IN THE PILOT- 
FeREpmYanCe MeaSlRE MENTS LSD DURING INSTRUMENTeLANDINGSSYSTEM 
(ye) aFPRHACKE?S WITH A BOEING 737 CONVENTIONAL TAKE SBFF AND 
LaANEIAG (CTBL) ATRPLANE BeTwee FIXeOePaSE LINEAR» WASHEBUT, AND 
NERLINCARSAASRALT OPERATIONS, F6weveR, The SUBYECTIVE SPINI6BNS 
AF phe PYLATS Feveal AN TMPARTANT ADVANCE IN MOTIONSCUE 
EPEEER TATION, Tee ADVANCE IS NOT IN Tee INCREASED CUE 
AyVATLAvLe SveER a LINEAR FIL eR FOR The eer AMOUNT BF MBTION 
waSe Ravel ely oho “2 IN THe FLIMINATION. OF FALSE ROTATIONAL 
RATE Cues PRESENTED 7Y LINEAR FILTERS, 


PTErPrerrPEREEESEUPEPRESESCOSSER SS ECASAS SESE EEE SESE ERA ARES RRA ED 
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FARRISH, ReVey RALLINSs weCes AND MARTINe Dowden Re 
VISLAL/MATIAN SIMULATION BF CTSL FLaReE aND TALCHODEWN CoMP aR yNG 
CATA BRYAINED FROM TWO MODEL BAARD DISPLAY SYSTEMS. ATAA PaPeR 
KA» 760010 PRESENTED AT TRE ATAA VISUAL MOTION SIMULATION CON. 
FERENCE, CAYTAN, BIOs APRIL 26"28s 19768 


* ABSTRACT * 
ACGLIsrTyON BF «~ MBCERN TERRAIN Me@DEL BeARD DysPLaY SYSTEM FOR 
"BU TeTRE®MINDGW! SCENE FRESENTATION Has allewel FAR THE 
Cures FeR CTeL FLARE AND TBUCHDAWN CoeNTRAL THay WAS BRIGINALLY 
CaRRyeC elt BN a 4965 VINTAGE LANDING CISPLAY SYSTEM, The 
MeaTrAn CRIVE SY¥steM Usel IN BOTR STUCTES WAS a NONLINEAR 
CAARCINATEC ACAPTIVE WASHAUT BASED AN The MeTHEO BF CANTINUBUS 
STEEPEST CESCENT OPTIMIZATIBNe 


CaYMFaRJSANS OF THe RESULTS BF TkE Ses. SESE T RARE AND 
TALCKHCBWN DATA, AS WELL aS DYNAMIC RESPONSE Data FROM THe TWE 


VISLAL LANDING SYSTEMSe 


THE New VISUAL SYSTEM ALSB aLLOheD FOR tHe RePeTITION UNDER 
TISURE CARED? ToNss BF A SUBScCTINe COMPARTSON BFA LINGARTAND A 


NAXLINGAR MOTION WASHBUT MeThS® Cane PRevIAUSLY UNDER 
INSTRUMENT CONDITIONS 


Tere rrr rEErEVETCCCELCE CECE ESS C CASE EELS EEE EET ERR RE SRR Re A ED 


FeRRY, CyK, FL yGky SIMULATARS AND THe STUDY GF AIRCRAFT HAND. 
LyNG te aPaCreRis7ICst, ROBYaL AIRCRaFy eSyaBLySHMENT, BEDFORD, 
TALS #7s 19626 


* ABSTRACT *# 
CANCLUS]ON, BASEC BN A STLDY BF Us WERK, THAT SIMLLATOR 
MATION CugS CAN Be IMPORTANT FAR SOME TASKS ALTHOUGH PROBABLY 
NOT ESSENTIAL FOR The COMPARATIVELY GeNTLe ONES SF TAKESOFF AND 


LANCTNGe 


PVE TO VUCTECIFSCEOCOCCCCOCCOCOS ECS ECC ET TR SET ERA PP 2D 


PeRRy, Cyke tPILOTED FLIGHT SIMULATION TECHNIGUES', PAPER AND 
REPLIES 18 QUESTIONS AT AFROOYNAMICS CONFERENCE, ROYAL AIRCRAFT 
PSTAPLISHMENTS FARNBGRALGH, ENGLAND. 4965¢ 


* ABSTRACT «# 
MATIAN IS Paget 18 KeeP FILOT INFORMED, ALMBST SUBCANSCIOLSLY, 
AF CISTURBANCe 18 AIRCRAF TIS TRIMMED STATEs LACK OF YAW MUTIAN 
IS ALMOST CERTAINLY REASON FAR DISCREPANCIES BETWEEN FLIGHT AND 
SIMULATOR FINCINGS IN S7TUDIeS SF VTOL KAVER ANC SLENDER DELTA 
YAW CRARACTERISTICS, IT WAS NECESSARY T8 INTRODUCE A 10x 
INCReASe IN Yah DAMPING INTO STATIC SIMULATION BEFORE PILOTS 
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TESLGRT TRE VTUL RAVER TASK DEMANDED TrE SAME WORKLBAD AS IN 
FLITGhRT.e 


TC RARER RRO RRE EE EO EERE RARER ROS EER REPRESSES EERE RR SESS SPT Pee ee 2 


FESRY, Cere FLIGHT SIMLLATIGN + SOME ASPECTS BF ITS USE FOR 

CrylCtcs AF ATRCRAFT KANCLING QUALITIES. "ROYAL AIRCRAFT ESTAo 
ALTSeMENT!' TECRRICAL MEMORANDUM NG@e AERB 952, SEPTEMBER 141966 
FaPrerR PREPARED FAR THE AGARD FLIGHT MECHANICS PANEL'S SPECTaALe 
IST'S MEETING BA STABILITY AND CONTROL» CAMBRIDGE, SEPTe 19666 


* ABSTRACT * 

TRE EXPERIENCE KeD DLRING TKE USE BF A GROUND BaseD FLIGHT 
St*LL~TAR FOR STLCOYING THE HANCLING GUALITIES OF FIXED WING AND 
VeTefele AIRCRAFT TS DISCLSSEDe THE PREBLEM BF SIMULATOR VALIDA} 
TIQN 1S CONSICEREC, AND EXAMPLES BF CBAKPARATIVE STUDIES BETWEEN 
ACTLAL ANC SIMULATED FLIGHT ARE GIVENe FXAMPLES SF SOME RECENT 
INVESTIGATIANS aRe LSEC TO ILLUSTRATE Tee TyPE OF SRIGINAL Rew 
SpakCe Ss7rlCies male AN yhe SIMULATOR, MARE GENERAL CeNCLUSI®6NS 
ReCaRCING The USe BF SIMLLATION FAR HANDLING QUALITIES WERK ARE 
ALSP GIVEN. 


CRONE REE EHH OEE HHH HHH EHH HEHEHE 


FeRRY, CR. AND BLFAHAM, ©, A FLIGHT S{MULATIGN STUDY OF DIF, 

FrOut rics IN PILATIAG LakGe UeT TRANSPORT AIRCRAFT THROUGH SE. 

veSe aTMOSPReE RIC CISTURBANCES, «MINISTRY BF AVIATISN, AERONAUL 
TICAL ReESEARCe CALACIL', REPORT Cy Pe Be 906, SEPTEMBER 1965, 

S&2 FR, AD 813 961° 


* ABSTRACT * 
A GRALND BaSeC FLIGRT SIMLL~TSR, HAVING MOTION FReeCOMS IN 
Fr7Cw atc ROLL baS eBeEN LSED 79 STUDY THE DIFFICULTIES SF 
FLYING A RePReSeN tari ve WET TRANSPORT ATRCRAPY THROUGH SeyEeRe 
CTP RM Linaiedaas dips kaNOsM ATMASPRER YC CrS7URpaNCes 6F RMS 
vel ACITY 15 T/SeC, COMBINED WITF LANGER TERM DRAUGHTS IN THe 
ve PT ICAL Plate AF UP 78 Ege FreSeC, WeRe STUD; ED DURING FLIGHT 
AN i giel date vost piC8ts HAD SURPRISINGLy Citthe DI er ICuL ry 
TN Can Rall yn¢ Tre AIRCRAFT O¢SFIte THe SeveRe C8NOITISNS 
RePRes;NreEC, SAME WHA MADE POWER AND YRIM CHANGES FREELY, 
heme VER) TeNCeED 76 Set LP LENG PERIOD ASCILLazIJONS JN SPEED AND 
FLIGH Fath, SIMILAR TS THOSE WEICK Have BeeN REPORTED IN 
FLIGHT, ThE ReslL7Ts PReaVIDe aA USEFUL EXPERIMENTAL 
CeMANsTRaTIGN AF The VaALICITY SF CURRERs ROUGH AIR FLYING 
TECKNIGLES 


TREC POP RR ERE SE EP EP SERS OSES EP CCAS POT PP RP PP PPR 2 eS 


FeRFy, Cyr, ANC NAISH, ooM, FLIGHT SyMULATION FAR RESEARCH), 
CPLANAL SF The ROYAL AFRONAUTICAL SACIETYs 68: 645°6624 19646 
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* ABSTRACT * 
CANCLUSTANS BF TWH RESEARCH SCIENTISTS FROM ~ NUMBER BF YEARS» 
wBRK TAVALVING AIRCRAFT AND SIMUL ATAR evalUaT ONS OF HANDLING 
ChaRaCreRISTICS aX JAFGRMa~TION CysPlaYs, NepC FOR MOTIGN CUrs 
THILGRy 78 VARY WITe AIRCRAFT CHARACTERISTICS BEING SIMULATED, 
wITe MS7rON, FILA7S CaN aCHIeve STABILITY MOR BurcKLY and wITH 
MaRe -CanehiC CanzRal UsaGe FOLLAWING a OTE nen Go AP INION 
thay [7 1S MORe YMPARTANT T6 ATTEMPT SOME SIMULATION OF ALL 
RelevaNy ASPeCTS TRAN TG CONCENTRATE BN PERFECTING BNE 
(Ee Gey COCKPIT MATIABN). 


TORE EP RECO RE SERS ERS ELE AS ETE PSSA EE CPE CP PCP PPP eee eee eee eee. S 


FERRY, Cokes KARTAN, Lekey AND WELBGURN, CoE. a FLIGHT SIMULA. 
TAR FaR ReSeaRCk yh78 ATRER AF 7 hAaANDOLING CHaRaCreRIS7ICS. tROY gl 
ATRCRaFy ESTABLISHMENTtH, TECHNICAL REPSRT NO, 66373, 

CECEMBER 19666 


bh CeNICAL FeatuR ae per areo FL GH MULATOR, USED [N 
TRE ) 

The seCoy BF aRCRars ancl ye eUScitics, Ake CeSCR TBO. THe 
EGLIPMeNy INCLLEES aN ANALAGLE COMPUTER, SeveRAL VISUAL SIMULA. 
TION SYStE”S LSTNG BOTH CIRECy SPrICAL AND ELECTRONIC TECH. 
NrGles, gNO HyDRalLyCalLY ORyVveN MOTIBN SYSTEMS FBR PROVIDING 
the SILA WITR ACCELERATION CUES, 


sore CAMMENTS BN The eFFeCtyveNess BF these DeviCes FOR 
Sr“ CLatING PIL6teED FLIGHT ARe INCLUDED, 


TRS EPELrPREE CECE PRC ECR SESE TPR CPPS PP PTR 2 


FeteRS, ReAg 'tCYNAMICS BF THe VeSTIBLLAR SYSTEM AND THEIR ReLAe 
vHAR yh MOTIAN GERCEPTION, SpATIAL DISHAIENTATTON AND ILLUe 
STPANS,, NATIANAL AERONALTICS ANC SPACE ADMINISTRATION, APRIL 
1966s NASA CR#13c9« 


* ABSTRACT *# 

IN pILétrNG TASKS, yISUAL SeSeERVATION HF INSTRUMENT INDICATORS 
ANC AF thE vrslal Fyell, aND SENSaTyONS SF MOTION, PROVIDE THE 
SeNSTBLE SIGNALS LPBN WRICK THE PILAT BaSeS HIS Saigo OF THE 
ATRCRAFT, VARIATIONS AF THe GRAVITATIONALe INERTIAL FORCE 
NVIRANMENT DLRING The FLIGHT 58F AN AIRCRAFT AFFECT THe PILOTIS 
barren SeNSBRE IN hIS VESTIBULAR SYSTEM AND THROUGH THEM AFFECT 
krS CONTROL BF The yERICLE, HIS yISUAL pROCESS, AND KIS SENSE 
Re ARTENTATIAN, 


TERALGR aA Feyleh BF THE LITERATLRE, A STUDY IS MACE BF TRE 
PaSIC PRKYSISLOGY OF THE FLUMAN VESTIBULAR SYSTEM AND ITS INTERe 
CONNECTIAN WITR Tre BCULOBMOHTAR SYSTEM, THE DYNAMIC FUNCTIEBNS 
RF the SeMICIRCLLAR CANALS aND UTRICLES (GTALITR BRGANS) AND 
Tee ReLATIAN BetheeN SUBVECTIVE PERCEPTIONS GF MOTIBN AND The 
ACCeLeRATIANS WeEICk FRODUCE THEM ARE STUDIED, MATHEMATICAL 
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MaACELS BF TRE CYNAMIC FUNCTIANS OF THE VESTIBULAR SYSTEM ARE 
FRESERTEDs 


TEE VySLaAL ANC FERCEPTUAL ILLUSI@NS WHICH LEAD TO DISBRIENTA} 
TION aX wRICr ARE PRADLCED RY MATIAN STIMULATION @F THE 
VESTIBLLAR SYSTEM ARE DISCUSSED. THE VARIOUS ILLUSI6NS 
FXFEFITENCED PY FILATS PF AIRCRAFT ARE RELATED TS THE 
ACCELERATIONS wWeICk PRECUCE THEM AND TA THE DYNAMICS BF THE 
Ve STTBLLAR SFAS@RS JNVGLVED. 


eee tere et eee ee Pe Pee ee eee ee eC Pe eA eee eee eee eee ee ee 


Fe. FFTFRSOAK © M@VARBLE AND RATATABLE TAP 
PATENT KAe Beek a hel 
FrLEC MaRCk 29, 1966 GRANTED NBVe 29s 1966 


KA ARSTRACT 


wr ere re ee ee eee eee ee eee eee Pe Pe PP PPP ee Pe eee eee Pee ee 


FRIL LIPS, “eke AND CHEATHAM, DeCe ABILITY AF PILETS TA CONTRAL 
eyYlLatTEr SHAR SPERTSE YAWING SSCTLLATIANS, NACA RMLSQ006, 


NAVEMBER 130195Ce 


* ABSTRACT * 
tke ReSLLTS @F aN TNvESTIGATIABN BF FILATIS ABILITY TE CONTROL 
ShART ee RIO YAWING SSCILLATIONS IN A SIMULATING CeyIce ARE 
PRESENTER. FILATIS APILITY TB CANTROL THE SHEBRT=PERTOD YAWING 
ASCILLATITONS Fas Bee’ De TERMINED AS A FUNCTION 6F PeRIO0, 
ceXvegGL cPFECTIyeNpSS, ANC INHERENT DAMPING 6R INSTABILITY, 


PTO PreParereCerECTCOCRPeERPCCESeeeeee eee TERS SERS ARREARS A ee ef 


ERILLIFS, Wehbe, GLETLUs wed ANDO ADAMS, Jede LANGLEY RESEARCH 
Craik SpMULaryAN FaCilyq7igs FSR MaNNeC SPaCe MISSIBNS, THe 
aMFATCaN SOCTETY OF MECKANTCAL ENGINEERS! ASME PAPER 630aHGy=g4, 
wAke 1963¢ 


* ABSTRACT *# 
sy*LLaTrAPS ake LceO EXTENSIVELY AT THE NASA ReSeaRCh CeNtTeRS 78 
TRVYeESTIGaTC Tee FILATING PROBLEMS AF SPaCe VERICLES, THIS 
F,aPoR PReSeNTS a CYSCLUSSION BF The MISSTGN UNDER STUDY AND 
hesChy Aes a NUMBER AF SyMULaTORS NAW IN USE BR PlaNneD FOR 
yerSe STLUCIES ay phe LANGLEY RESEARCH CeNTER AND at STuER 
CekteRS, These FaCrlitieS wiht FeRMIy aN EXAMINATION OF THe 
FRAPLEMS RF Pylat CANtRal AF EARTH ENTRY, RENDEZVOUS, DBCKING, 
LUNAR LUE RIT €STAPLISHMENT, LUNAR LaNDING, LUNAR TAKEOFF, AND 
ItheER FkASES BF SPACE MISSIONS. a BRIEF Review SF LANGLEY 
SIMULATION STLCIES IN The FielLO OF HUMAN RESPBNSE 
ChkARACTERISTICS IS ALSO PRESENTED, (ALTHBR) 
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FYRANTAN, AeG,e ThE EFFECT @F THE INOIVJOUAL a~NC COMBINED STRESe 
cre AF VIBRATIGN aKC SUSTAINED 'G' AN PYTLOT PERFA@RMANCE* AGARD 
CF=145» 1975.6 


* ABSTRACT # 
A CENTRIFLGE, EGUTPPED WITH AN FeyB (PEANTOM) MOVING @BASE CeCK. 
FrTt was (SED TA EVALUATE THe INFLUENCES BF SUSTAINED NORMAL 
ACCeELERaTIANS, COMBINED VERTICAL AND LaTERAL Burret L6a0S, AND 
ATSCRaFT FLYING GLALITIES AN AIR-TO AIR TRACKING RF ORMANCE 
TURING srMlLaTen CAMBAT MANcCUVERING, eLeVEN TEST BILeTs 
TEACK-C A MOVING TARGET WITK A FIXED ey plein 5 ee SITU, 
Atel AN phe FRANT WINDSCREEN, AN ALLeATTITUDE 18UTSIDE WORLD» 
VIEA Was FRAVIDED IN C6LOR, SUSTAINED NORMaL aCCeLeRATIONS FReM 
163 TP GC Gy ELFFET EFFECTS UP TS + BR & O65 Gs AND LATERAL 
PrReCrranal FLYING QUALITIES WERE VARIFD INDEPENDENTLY AND IN 
SEVER al COMayNaTrANs 78 ASSESS Tre IR phOyyyOU,gk aNd COMBINED 
TRELUENCES SN TRACKING FERFRRMANCE, The bat aes Was MEASURED IN 
TEAMS OF AH ib TIMe OURING WHICH THe TA & T WAS WITHIN 
FErcCRtpeC LyMy7S, PRBUECTED MISS DISTANCE FROM THe TARGET AND 
Ts CereeRehaPpeR prlLAy BpPINJAN RaryINGS, 
CHNCLUSTINS 
1, FLEFET INTENSITIES SF UP TY + IR 6 O65 G AT A FREQUENCY 
BF yr CRS Have a NeGLyG]BL_e INFLUENCE BN TRACKING PRECISION, 
Ze SUSTAINED BIGH NORMAL ACCELERATIONS SF UP T8 5.0G APPRECI« 
APLY TeGRale TRACKING PRECISION, 
=, th. TNFCLENCe BF AIRCRaFy FLYING QLALITIES WAS THe GREATEST, 
re ORe aSe? CUrth ReLt FReGUeNCY AND/OR CAMPING ADVERSE AICERBN 
yA» ANn PRBVERSe al “oe YAW AGL HAVE pEGRADING EFFECTS 8N PER, 
FREMANCe, AESeASE BF AILERON YAh RESULTED IN OPTIMUM TRACKING, 
ye TRACKING FRECISIGN CAN BEST Pe IMPROVED By (A) MORE PILOT 
TRAINING UNDER Et gr NORMAL ACCELERATIANS ANU (B) IMPRAVING AIRS 
CRAFT S7ABILITY AT KIGH ANGLES SF ATTACK, 


EEE HEHEHE EHH HEHEHE HEHEHE HEHEHE 
FLATS thes Lee ° TRAINING DEy;Ce 

FATENT NBe 203440454 

FILED CECe Fs 1942 GRANTED MARCH 14, 1944 

NB ARSTRACT 

errr rrrererererrrrrCeCCCTerCe Set SSS SERRE LADS 2D Be DD Bei Rie Rete del 
©”, FEALE, ET AL © FLIGHT SIMULATOR 


FATENT Afe 392592030 
MATE FILFC = FEBe 6s 4964 MATE GRANTED - AUGe 39% 1966 
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PPLLTER, ReFe AND WILSON, ReVe 'PILOTS ASSESSMENTS BF A PITCH 
MATIHA SYSTEM FSR A FLIGHT SIMULATSR'« REYAL AIR FORCE INSTITUTE 
RAE AVIATION MECICINEs SCIENTIFIC MEMBRANDUM 82s FERBe 19686 


* ABSTRACT * 
TRIG KEPART CYSCUSSFS TrE FESULTS BF AN EXERC]SE IN WHICH TrE 
Sy*LLaTeR FACILITIES OF TRE FLIGHT SKILLS SECTION AT THE 
INGTUTUTS AF AVIATION MeCICy\eE, FaRNBBRAUGH, WERE EMPLBYED JN 
CeENCUACTION WIT TRE EMFIRE TEST PILOT'S SCHBHGLe THE EXERCISE 
ITSELF CAMPRISEC PART 8F THe ETPS CA8URSE, AND WAS SEEN AS AN 
BPFRSTLATTY FAR TRE STUCEATS TE WARK IN CLOSE LIAISAN WITH 
EXGINEGERS AS FART OF A SMALL RESEARCH TEAMe 6NE BF THE MAIN 
INTENTIONS WAS TH INTROCUCE THE TEST PILOTS TE THE ASSESSMENT 
SF CIMLLATARS, ANC TA DEMBNSTRATE THEIR USE AS A RESEARCH TOOL, 


TEE SLUR ECTS WERE ReGuikeD 76 ASSESS Tre PITCh METION SYSTEM OF 
THE TAM FLIGHT SIMULATE8R USING A GIVEN FLIGHT PLAN (ANNEX 2). 

A SLASICITARY REGUIFEMENT WAS THE EVALUATION OF ThE FLIGHT PLAN 
AS aN FFFECTIVE TEST SF Tre MOTION SYSTEMIS CAPABILITIES. The 
prlLOrs bal AT TrEIR DISFOSAL THE IAM FLIGHT SIMULATOR WITH ITS 
CAPARILITY OF BSPERATING EITHER FIxFD BASED BR wITh ONE DEGREE 
AF MATION (IN PrETCH), ANC RECORCING FACILITIES. OW THESE 

heSe LTILIZED AND BBM Tee PROBLEM WaS TACKLED WAS LEFT ENTIRELY 
Tea Tee IJACIVICUAL PILOT, THE BRIEFING GIVEN TO THe PILETS 
pFTe® 716 Tee exeRcISe IS SHA@wN IN ANNEX 1, 


ELEVEN ETFS FILETS PARTICICATES IN the ABBVE EXERCISE AND THEIR 
FePARTS aASSESSING The PITCH MOTISN SYSTEM WERE MADE AVAILABLE 
TA yaw FBR aNalys1s, OpGeSts AF the ELevEN REPORTS WERE MACE 
ANT aMaLGAMATED (WITH CONCLUSIANS aND COMMENTS) TO FARM THE 
PASTS SF THIS REPOFT. 


rH. MarN CSNCLUSTONS CONCERNING THe PITCH MATION SYSTEM WERE: 
pry eres Series Was See ey Oe Ee ee ace SYSTEM 
Cal-Lo Be 1*PR6v_el BY REPOVING Tre JeRKINESS ANC ADOING A Rare 
Teh If TRE MATION EGUATION, 


Tererrrrrrrrrrrrrrrerr rel iret ese ee et ee RS RSS SEPA Ree ee ee od 


PAVet MI Re, HyK, AND ROSC6E, SS, tAN EVALUATION GF GROUND.BASED 
FLIGky TPAINERS IN ROLTINE PRIMARY FLIGHT TRAJNINGH, 'HUMAN 
FACTARSts 19746 13(2)4 1€09°116° 


* ABSTRACT * 
THE SeLarive Gener irs SF CreFERENT TYPES BF FLIGHT TRAINING 
egerPhcne WeRe evalUaTel IN a RBLTINE INSTRUCTIONAL SITUATION 
wyTR ANA BARS TEUL AR CANSTRAINTS PLaCeD LPBN THe INSTRUCTAR as 78 
hAy he Loel tee FGUIPMERT AND *ITHOAUT INTERFERING WITH THe 
NAFMaL CHLRSe OF FLIGHT TRAINING, THe SPECIFIC OBUECTIVES BF 
THTS ReScARCk PRAGFAM WeRE (14) T® EVALLATE THE FLIGHT 
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INSTRULCTARS' ABILITY TH PREDICT SUCCESS IN PRIVATE PILOT 
TUATNING BN The BASIS OF STUDENTS! INITIAL PERFORMANCES IN EACH 
PF ths GFOLND TRAYTNERS AS BPPASEC TA ACTUAL AIRCRAFT (2) 78 
SeTESMINE TRE RELATIVE VALUE BF 14 HOURS BF FLIGHT INSTRUCTI6N 
IX Tw CYIFFERENT GREUND TRAINERS AND (3) TO DEVELBP AN 
OPCective SCALE FAR CHECKING FLIGHT PRGFICIENCYs THERE WAS A 
STCNTETCANT FASITIVE CORRELATION BF OeS50 BETWEEN PREDICTIONS 
PaSer 9N TWO FALRS AF TRAINING IN THE GRBUND.BaSED TRAINERS aND 
aCTLaL FALRS ReGlLyRED Te Pass The FLIGHy CHeCk, BUT A NONS 
STCNTFICANT NEGATIVE CORRELATION BF Ov22 FOR PREDICTIONS BASED 
ab tw§ KALRS IN Tre AIRCRAFT. TRE GRAUAD TRayNER GREUPS Pass_eD 
TREETR FLIGHT CHECKS WITr AN AVERAGE OF SLIGHTLY MORE THAN AN 
hALR GREATER TOTAL TIME THAN TRSSE TRAINED EXCLUSIVELY IN THE 
ATRCRAFTs ON TREE BASIS OF EGUIVALENT LEVELS oF GROUP 
FEEFARMANCE, 14 KBURS BF TRAINING IN ThE ANmwTea1Q RESULTED JN a 
CAVING @F 9 KOLRS BF FLIGHT TIME, THEREBY YIELDING A TRANSFER 
EFFECTIVENESS RaTIO BF CoBe ELEVEN HALRS BF TRAINING IN THE 
cate, RESLLTEC IN A SAVING BF 11 HOURS BF FLIGHT TIME, YIELDING 
4 TRANSEGR EFFECTIVENESS RATIO VALUE SF teQe THE TRANSFER 
cFFECTI yENESS KATIA IS A NEW MEASURE THAT O[RECTLY RELATES THE 
SAVING [TX LEARNING BNE TASK TO Tre AMOUNT BF TRAINING ON 


AKT TEE Re 
Ware errrreerTOPEVOPPCTCCOCSCCOCSOCSC ASSESSES ESS RRSP A REP RRA DD 


reler, C.Re A STUDY BF ThE EFFECT BF PERIPHERAL VISION MOTION 
ri.¢ §8N ROLL axIS TRACKING, AIR FORCE INSTITUTE SF TECHNOLOGY 
CAE TToCENy WRIGHTSPATTERSON Aras SHIO 454334 MASTERS THESIS, Ree 
ceaeT A, GE/FE/75°¢37 DECEMBER 1575+ 


* ABSTR Gy 
ay¥ SLE Ve CTS we R UScD as CBATR ttcRs FBR AN XPeRIMENT IN 
ne TCE CAPENSA TORY RBLL AXIS TRACKING wAS PERFOR a) RITH AND 
wT TRALT The PRE SeNCe OF PERIPRERAL yISIBN ACTION CUcS. Two 
CYFEe RENT CONTRALLEE PLANT DYNAMICS, OF THE GENERAL FARMS 
wyo ANE K/S SGLAREC, wERE SEMULATED BN AN ANALOG COMPUTER, 
CONyGHI WAS COMMANDED VIA A FORCE STICK LOCATED IN A STATIONARY 
FLTckr, * alRCRAFT CECKPIT MACKUP. CANTRELLED PLANT ROLL RATE, 
TN Tee FRY BF veRTICALLY MavyING BLACK ANDO WH] TE GRID LINES, 
nat LYSFLAYEC 6N TWA 21 JNCH TELEVISION SCREENS POSTTIONED BN 
elTpeer SICE Se THE COCKFIT. THE TARGET AIRCRAFT'S mOTIEON waS 
Sr“lLLaTee AY A SLPSBFSSINES INPLT FERCTNG FUNCTIBN, RMS ERROR 
ECS aNC T1Me KISTORIES WeRe RECARDED FBR INDIVIDUAL RUNS, 
FoecleNCy COMAIN ANALYSIS AND CATA AVERAGING TECHNIQUES WERE 
LSrl TA STLAY aNt COMPARE SUBUECT PFRFORMANCE, 


FINCINGS OF Thee EXPERIMENT SHOW THAT FAR MARGINALLY STABLE 
FLANTS OF THe GeNeRAL FORM K/S SGUARED, ROLL AXIS TRACKING [IS 
TMEFAyeED WeeN PLANT ROLL RATE INFORMATIGN IS PROVIDED IN THE 
FeStPreR~lL FIELC OF VISION. PERFORMANCE IS NOT SIGNIFICANTLY 
IrFRayce BY TrE CISPLAY Wren TRE CINTRALLED PLANT IS STABLE AND 
SF tke GeNeRAL FARM K/S,) THe PERIPHERAL DISPLAY IMPROVES 


E 
ep TFPRMa~LCre WITR MARCINALLy STABLE PLANTS By PROVIDING 
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INSTANTANESUS PLANT RATE INFORMATION WEICH MUST, STHERWISE, 
Pe ARTATNEC PY CAMPLTING CERIVATIVES FRAM THE CEATRAL ERROR 
PISFLAY. TRE KLMAN CBNTRALLER'S CSMPUTATI@NAL WORKLOAD IS 
RECL CEL, FERMITTING MOBRE PRECISE RESPOASE TE ANY ADDITIBNAL 
LEAC COMPERKSATIAN NECESSARY TA FREPERLY FELLA@W THE JNPUT 
STENALe 


HE HM HR HHH HHH HHH 


FROFRET, weWey CARFy Pene ANC FALLs EoRe 

sae CLRRENT ISSLES IN TRE DESIGN 8F FLIGHT TRAINING DEVICES, 
ERAFESSTANAL FAFER 5872 MARCH 1972 KUMRRGe IN 25TH ANNIVERSARY 
CeYREMORATIVE TECRRICAL CAURKALs NAVAL TRAINING CEVICE CENTER, 
REVEMRER 1971. 


* AESTRACT «* 
THIS fareR Devel Aes THE KATYGNALE THAT TRAINING EGU] PMENT 
SKALLE Be SeleCreO BR DestGNeD TB FURN]SH WHAT re STUDENT 
Neels re KN@W ANC te Be aBle 79 Ce 76 PERF SRM sUCCessFULLY @N 
Tee PeeRaATIONAL (8B, SeveRal CANSIDERaTIONS RELEVANT TA 
TRAINING EGUIFMENT Sestén FROM TKe SYSTEMS ENGINEERING 
STANCPOTNT ARe exahrNeD, SUGGESTED DESIGN FeaTuURES BASED UPON 
PaPrriCllLaR S7lCcd7 LEARNING NeELS AND BN STUDENT LEARNING 
CRKARACTERISTICS ARE PRESENTED, TRAINING EQUIPMENT DESIGN 
FeATURES FAR FARTICULAR CaTeGBRI¢S GF TRAINING 88ueCTIVES AND 
FAR LevelS BF TRAINING (Eo Gey INITIAL TRAINING GF avIATBRS vS, 
TRANSITIAN TRAINING) ARE CSNSTOERED, alS@ DISCUSSED IS The 
CPYTICALITY 8F tke SYATRETIC TRAINING PROGRAM WITH Re SPECT 78 
TH TPTAL TRAINING ENGINEERING PROCESS, 


oC Le ee ee eee ee eee eee eee PPP Cee PPP PPP PP Pe hee ee 


FLIG, cCoAe 'MOTIAN IN FLIGHT TRAINING: A HUMAN FACTORS view, 
NAVAL TRAINING CeyICe CENTER, TECH. RPT, NAVTRADEVCEN Ihe477, 
ArT. 1970° 


* ABSTRACT * 
AN ThoH8USE STLCY Was CanDUCTre® 76 RevigW The STATUS OF 
Sy"LLaTION TECKNALSGY AS APPLIED TO TRAINING, WITh EMPHASIS ON 
KLUM an FaCTARS PRABLEMS ENCAUNTERED IN MATIGN SIMULATION, 


Tee fF PeCT BF JNCBRPARATING MBTIBN TN GREUND.BASED vISUAL 
STMLLATARS WAS CANSTOERED WiTH ResPeCy 7@ ITS INFLUENCE ON 
TRaIN ThE ~ND f7S ROLE AS A PBSSIPLE INFTBITER BF STIMULATOR 
SICKNESS. 

TEE PASTTIBN AF tee HUMAN FaCrORS La~BePa~TARY waS EXPRESSED BN 
SeVveF al aSPeCy7S OF SIMULaTIAN Related 7A TRAINING TECHNOLOGY, 
(Al. ThA) 
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ELIGs yeAe 'TKE SENSORY INTERACTIBN BF VISUAL AND MOTION CUESte 
TNR Cece REGAN AND GeVe AMICO (EDSe) 'NAVAL TRAINING DEVICE 
CENTER'S 25TH COMMEMORATIVE TECHNICAL YAURNAL' + ORLANDGs FLORIDA 
A\TTCs NAVEMBER 1971 55-660 


* ABSTRACT * 
rFFECTIVE TRAINING DESIGN REQUIRES THAT THE SIGNIFICANCE OF 
CLE ITNTERACTI@NS BE ESTABLISHED. CARE MUST BE TAKEN TO 
INCAREORATE INTA The TRAINING CgevICES NOT ONLY THE CUES 
FEGLTREC FAR TRAINING SPECIFIC TASKS BUT THE ESSENTIAL 
CAMPINATTONS BF CLES AS WELL. 


TETS FaPeER DISCLSSES VISUAL ANC MBTION [INTERACTION FROM THE 
CTANDPAINT OFs (1) ILLUSISNS AND SPATYAL DISORIENTATION, 
(2) SPATIAL SRIENTATION TRAINING AND (3) SIMULATOR SICKNESS, 
(ALTRAR) 
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S FAR The STUDY BF vvsTeL 
GANITZATIONs AGARD@Re99s 1964 


R 


T * 
WeD faSIgR CANTROL BF BANK 
STATIC BR DYNAMIC COCKPYy 


NG yySlbal YLS, 


CaB ROLL 


CUR 
Li’I7en 78 70% BF Real 78 R otic cfPeCy ON PIL67 OF UNREALISTIC 
SwAY PoerCe. ate Pllet, IN §TUC gF LATERAL PagheER AND DAMPING 
ChaRaCrePISTICS, SHOWeL GBD CORRELATION FROM ROLL aND Yaw 
SIMULATION CANDTyTIEN FO FLIGHy BUT PBBR CORRELATION FROM RELL 
AKLY STMULATIES CBANOITIAN, 


POET UPUPTELLULCECECCLOSCOCS CRS TCE ROSIE SECT ALE ERASERS RRR SD 


GLIGLEY, eC. ANC LAWSON, H.eFes URe SIMULATOR STUDY OF THE 
LATERALeCIRECTIGNAL HANCLING QUALITIES 6F A LARGE FOURePROPELS 
Le Seh STAL TRANSPORT AIRPLANE, 'NATIGAAL AERONAUTICS AND SPACE 
ARMIATSTPATIOK', TECHNICAL NATE 0e1773, MAY 19638 


* ABSTR 
Ter Large RAL AND DIRECTIGNAL STABI L 
ChaRaCreRISTICS AF A LARGe FEUR.PRAPELL ree ST6L TRANSPORT 
ATPELANE (TRE BOUNDARY @LAYER-CONTROL EQUI PED NC#439B) HAVE 
Bee STLDIED ON The LANDING APPROACH SIMULATOR TS DETERMINE 
CKANGES IN The CHARACTERISTICS THAT MIGHT Be REQUIRED TO 

ACK IE VE SATISFACTORY LATERAL.DIRECTIONAL HANCLING QUALITIES, 
THE STUCY FAS SFKBWN THAT THe HANDLING QUALITI¢S CAN Be IMPROVED 
ay INCASE CIRECTIGNAL STABILITY AND DAMPING, A LARGE 

TKORE ASe IN STABILITY IN CANYJUNCTIAN WITR INCREASED YAW RATE 
RavMETNG GAve SOMe IMPROVEMENT, BUT THE REDUCED DIRECTIONAL 
FeCPANGe Tl RUCCER INPUTS PReveENTED THe CANF TGURATION FROM 


Sty" 
ITY aND CONTROL 
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PFETAG RATED SATISFACTORY BY THE EVALUATING PILOTSe A 
SATISFACTORY CANFIGURATION WAS ACHIEVED BY DOUBLING THE BASIC 
CIRFECTIANAL STABILITY AND INCLUCING A CAMPING TERM wHICR GAVE 
YAWING MAMENTS PROPBRTIGNAL TO RATE CHANGE BF SIDESLIP. 


eee eee rn Ss Serr rr ss Sere re ee Tee eee eee ee ee ee ee ee ee ee eee eee eee es TY 


SAGLAND, Ses» CKAMBERSs ReMe, CRASBIEs Redes ANC HITCHBCK, Le 
SIMLLATISN ANC EFFECTS BF SEVERE TURBULENCE 8N JET AIRLINE Pleo 
LATSe 'LySe NAVAL ATR DEVELOPMENT CENTER', JOBHNSVILLEs 
NACCeML~6411s 19646 


* ABSTRACT * 
TRE AVIATION MECICAL ACCELERATIAN LABORATORY BF ThE UeSe NAVAL 
Are CeveL6PMenyT CentER, JOHNSVILLE, PENNSYLVANIA, WAS REGULESTED 
PY Tee FECERAL AVIATIAN AGENCY» WASHINGTON, DeCeosv TE VTILIZE THE 
kUMAN CENTRIFLGe T8 INVESTIGATE FACTORS CONTRIBUTING TB COMMER, 
CraL CET AIRCRAFT CRASKES ASSOCIATED WITH SEVERE AIR TURBULENCE, 
The PRASLEM UNDERTAKEN WAS TO DETERMINE (1) WheThER GR NOT AN 
ADEGLATE SIMULATION BF THE PHYSICAL EVENTS TAKEN FROM The FLIGHT 
ReECARCER OF A UNITED AIRLINES BOEING 729"B CALLC BE REPREDUCED 
wITe Tee CENTRIFUGE, ANC (2) TO DETERMINE IF TeERE weRE ANY EFe 
FeCrs LEAN PIL@TS UNDER ThESE CIRCUMSTANCES DETRIMENTAL TO THE 
SAFe CANTROL BF TRE AIRCRAFT. 


Tee FIRST PARTIAN BF THe PREBLE” Was SUCCESSFULLY aCCOMPL ISHED 
By PREGRAMMING BN Tee CENTRIFUGE THe ACCELERATION PROFILE IN THe 
G(2) axIS 8F Lal 72¢*eBs FLIGHT 746, \7243U, WHICH HAD ENCBUNS 
TefeO SeveRE TURBULENCE IN THE CIRRUS PORTION BF A THUNDERSTORM 
Ay 37,5c0 FEET SveER O'NEILL, NEBRASKA BN JULY 19636 THE EVENTS 
THAT ENSUED WeRe TAKEN FROM a FAIRCHILD FLIGHT RECORDER #1427 
INSpALLED ABOARD phe AIRCRAFT, IN THIS CASE THE AIRCRAFT HAD 
sr*lLareo TURBULENCE PReOLCED ACCeL ERATIONS THAT FLUCTUATED FROM 
a MAXIMUM BF 4365G6(Z) TA A MAXIMUM BF 42G(Z) AT A RANDOM FREK 
GUENCY AVERAGE SF 4 CPS, THe PIL@r7 aND COPILA@y7 WHE HaD FLOWN THE 
ACTLAL FLIGHT Were THE FIRST .: EXPERTENCE THE CENTRIFUGE SIMU. 
LATION, TREY ERBRBUK 69 IT exCelleny, SUBSEQUENTLY, EIGHT OTHER 
ATRL INE PILOTS here pee D789 The SIMLLATIAN AND AD JUDGED IT 
RealrstiC Basel SN 7 gre ERSONAL ¢XPER ENCES [IN TURBULENCE 

MOR ING TeEIR FLAT CAREERS, 


eFFeCrs UPON FrLar PeRFARMANCe Cp 7RiMehraAL TO SaFe CONTROL OF 
THE AIRCRAFT ake pHOUGHT TO HAVE BeeN BBSERVED AND RECARDED, BN 
THE BaSrIS SF zHIS LIMITED PYLOT STUDY, JT APPEARS THAT THERE IS 
aA CBNSISTENT TENDENCY Th EXPERIENCE A Meee kas ILLUSI6N wHICH 
Calees THE PIL67 7A MaKe INAPPROPRIATE PITCH CONTROL MOVEMENTS, 
WHEN NEGATIVE G(Z2) WAS ENCOUNTERED FOR a3 FIRST TIME, AN INIo 
JIAL MiveMENT BF rhe YOKE IN THE WRANG DIRECTION WAS rk RULE 
aATRkER tHAN The exCeFTION, SOME STICK ay Selec e ThaT WERE 

TEAL GT 78 ee NELUNTARY ReSULTING FRAM JOStLE WeRe MADE, BUY 
TheSe WeRe NOT lag fgg O08 rf BE 8F A MAGNITUDE ee rakes TO HAe 
ZAPC NSRMAL ALRCR~Fy CONTRAL, The USE SF A SHBLLODER HARNESS AS 
heLhL aS a SECURE LaP Belt Made CONTROL EASIER ANC MADE THE Ple 
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LATS FrelL MORE SECURE PSYCHELOGICALLY. THERE WAS SOME BLURRING 
AF Tre INSTRUMENTS. HOWEVER, IF THE PILGT CONCENTRATED UPON THE 
ARTIFICIAL HSRIZAN, HE CBLLD MAINTAIN a USEFUL PANEL SCANe ALL 
FILATS FELT TRE LEAR 3eINCH FACE MODEL 4003 G, TYPE MM3 ARTIF Io 
CIAL FARIZAN USED IN THE SIMULATION WAS EASIER TO INTERPRET THAN 
TRE TyFe INSTRUMENT EMPLOYED IN THEIR COMMERCIAL JET AIRCRAFT 
aARTCK May BeC@Me UNREADABLE JIN UNUSUAL ATTITUDES. ALTHOUGH 155 
SrMLLaTIAN CaSteO SNLY SIX MINUTES IN EACH CaSe, IT WAS SBVIOUS 
thay yee Rate OF BKSET OF FaTIGue WAS MUCH HIGhes THAN IN NORMAL 
INSTRUMENT FLYING, BESO ENT aT re WaS NOT A PROMINENT FeaTURe IN 
TRIS ¢XPeRIMENT AND MOTION SICKNESS DID Nr OCCUR, NB ABNORMAL 
FkYcrglaGIC ResPanses WeRe ENCOUNTERED, 


These CATA STRONGLY SUGGEST THAT BY RespENDING be A STRONG 
kpNeSpheyIC ILLUS ON OF EL Me 8R Dive aFteR CeRRECTING FROM aN 
UXLSLaL NOSe LP AR bees: DAWN aTTITVUDE Pi LBTs ARe CREATING ever 
TNCR EASING 5 VIATISNS FROM NBRMaL FLIGRy PITCH AT 1TUNE IN BOTH 
PrReCrrONS alyeRNageLY, SOMEWHAT aNalOG6US 76 PILOT.SINDUCED 6S, 
Crue gs tens, UNTIL zeke AIRCRaFy SyaLLS aNO FALLS SFF IN78 A SteEP 
lrVe gear 1S CIF CU T NG ReCOGNIZe BR 78 ReCAv_ER FROM 2a | 
ar th bre ipey iene INRERENT IN roe TYPceS OF ARTIFICIAL HORIZBNS 
FReglen LY eMPLBYED IN THEIR AIRCRAFT. 

Terr rrr rt cee errTrrereri rere Pee RRSP E SAAS ERS RO SB ARHHHEREHEREHEDRE DDR 


RaNCL&e, Reve VIBRATIONS IN HELICAPTERS: TRAINING CONSIDERAQ 
TAKS) walC TECHNICAL NOTE 5a06is WRIGHT AIR DevEL@PMENT CENTER, 
LF IGhS PATTERSON AFB, 6FIG AD 212 344, MARCH 1959. 


* ABSTRACT # 
kel rCePreR INSTRUCTBR PILOTS ‘We e TNteRy! weD INOTyIOWALLY Té 
akacyze si DETAIL Te ROLe THAT VIBRATIANS PLAay IN PILOTING Hebe 
ICSFTERS, IRFGRMATISN WAS GATHERED WHICH INCICATED THAT VIBRAs 
TIERS wRe UTIL 26D AS CleS IN 88TH NORMAL CONTROL AND us DETECe 
TION abt CLAGNSSTS BF SYS7EM MALFUNCTISNS, TRAINING CONSIOERA.QW 
TIONS ake DISCLSSeC AND RECOMMENDATIONS MADE FOR A RELATIVELY 
ARs SyMULLATION 6F ¢ACk BF THE SevERAL CLASSES 8F vIBRATISNS 
th A pRaPBSEC beLICOPTER INSTRUMENT TRAINERS 


PWEPEPUPTESISLEVETELTECO SLCC e CEES TEPER RSA EE AD 


RaForn, RoC, sFaC7BRS SLRRSUNDING MBTISBN PLATFORMeyISUAL SYST_M 
CBLeLING IN Flight SIMULATORS1. NAVAL TRAINING EQUIPMENT CENTER 
TECRENICAL NOTE NAVTRAEQUIPCEN NOe 420 FEBRUARY,» 1975¢ 215 


* ABSTRACT * 
TAM 6F rhe FACTARS AFFECTING THe BEHAVIOR OF MOTION SYSTEMS AND 
vISlalL SYSTEMS USeO SIMULTANESUSLY ARE CONSIDERED, IN PARTICUS 
LaS, tee FLIGHT VISUALsM@TIAN CBUPLING PROBLEM IS ADDRESSED, 
wITek ReSPeCT TA The NECESSARY ITERATION RATES OF INPUTS, BUT. 
ELTS, AND THe ITPRATION RaTeS SF NUMERICAL COMPUTATIONS, DATA IS 
FRecenteh FOR SpyeRal OFT/WST HAVING BATH MOTION AND VISUAL SYSe 
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Te”S. CB8NCLUSIONS AKD RECBMMENDATIOANS ARE DRAwNs BASED UPBN THE 
RESLLTS ABTAINECe 


Err rerrerererrrrrereeceeASeS SPSS ASE ESAS ESSER SRE RRR SSeS S eee 2d 


Ae Fe RASMUSSEN ET AL = MULTI= GIMBAL FLIGHT SIMULATOR 
FATENT Affe 320862354 
FILED CANe® 314 1957 GRANTED APKFIL 16% 1963 


NG ABSTRACT 


Pe SER TPELCT ESE RSE ESC OEP SPSS PCAC RPA Pee eC Pee eee eee Te ee eee eee SY 


RATFERT, GeAw URe SIMULATION SCIENCES DIVISION, SIMULATOR 
FACILITIES DESCRIPTION SFEETSe NATIONAL AEREBNAUTICS AND SPaCE 
ADMINISTRATION, AMES RESEARCH CENTER, APRIL 4979_ 


* ABSTRACT * 
AMES ReseaRCk CenteR HAS FLIGHT SIMULATABR FAR USE IN AERENAUTIC 
ANC SPACE RESEARCR AND CeEVELOPMENT EXPERIMENTS. THESE SIMULAS 
reaRs FReyIDE A MeaNsS T& EXAMINE BOTH MeN pag AND CRewW FOR Pes, 
S1PLe SOLUTIONS TO THe FROBLEMS GF vEHTCLE VESIGN, PERFORMANCE, 
AKD SPERATIAN. 


CeSCRyPTyI6N SheETS FAVE BeeN PRePaReD wITH one. BUTLINES OF 
FeatuRes ah0 yeas SPECIF ICaTIONs AND LIMITATIONS, If 
vEsy pe NOTEC TAT MODIFICATIONS ARe BEING MADE CONTINUGUSLY 1ée 
TheSe CeyICES AND TrEIR SPECIFICATIONS aRe SUBJECT TE CHANGE, 
STAFF PERSONNEL ARE AVAILABLE FAR CANSULTATION TB PROSPECTIVE 
exPeRIMENTERS T8 ASSIST WITH PLANNING aND SCHEDULING BF THEIR 
EXFERIMENTSe 


THESE FaCcILitires ARe UNCER tke COGNIZANCE GF tke DIRECTOR OF 
ag®@NaUTICS AND FLIGHT MECHANICS, 


TORRE TVECTE CLEC SCCOCSS OSES EEE CRSP eT eC PPC PEP PPE Pe Cee eer eee SS 


RATKERTs GeAes CRes CREERs BeYes DGEUVILLIERs YeGes URe USE OF 
ELigky SyMULaTéRS FOR PILOT CANTRAL PRAgLEMS, 1NASA MEMBRANDUM1 


926-59 Ay WASFINGTONs DeCeos 19590 


* ABSTRACT * 
CAMFARTSONS KaVe Been MaDe BeTYEEN ACTLAL FLIGHT RESULTS AND REeo 
SULTS SRrAINEC hytk FrXe0 AND MOVING FLIGHT SJMULATBRS IN A NUMe 
ReR AF PRASES SF FLYING AIRPLANES WITH A WIDE RANGE 6F CHARAC. 
Ten 3871S TheSe ReSULTS Have BEEN USED 18 STLOY THe IMPBRTANCE 
AF FReyrOING MO7zON STIMULY IN A SIMUL a~yOR IN BRODER THAT THE Plo 
LOT APERaTE Tee SIMULATOR IN A REALISTIC MANNER, REGIBNS oF 
ATRPL ANG ChARACTERISTICS WHeRe MOTION STIMULI ARE EITHER MANDAS 
TORY BR TESIRAPLE ARE INCICATES. 
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TREC ere PPCESePEROECE SOC SS ELSES ESS S SEEPS PPS EPEC SEES REP eS Cree eee eee SY 


RATRERT, GeAe wRey CREER, H.Y. AND SADBFF, M, THE USE OF PILOTED 
FLIGKy syMULATERS IN GENERAL RESEARCH, 'taDvyseRY GREUP Far bi 
ev altyCaL RESEARCR aNC CevelLePMeNT! (AGARD), NORTH ATLANTIC 
TREATY SRGANIZATIAN (NATO) tREPBRT 365ts APRIL 19616 


* ABSTRACT * 
IN_SLUMMAPYs A NUMBER SF DIRECT CARRELATIONS, BETNEEN FLIGHT ANO 
VAST9US TYPES BF SIMULATORS HAVE Been EXAMINED IN PROBLEM AREAS 
RF INyeREST FAR ReSeaRCk BN ADVANCED TRANSPORTS AND MANNED 
SPACECRAFT. WkeReE THE CHARACTERISTICS aRe SUCH THAT THE VEHICLE 
TS SATISFACTORY OR EFASY TEA FLY, EVEN The Si beet FARMS 6F SIMU. 
LaTIGn aPe EFFECTIVE. THe ADDITION OF MBTION CUES IS REGUIRED 
IN T*8 GeNERAL CIRCUMSTANCES: 


te wheRe THE MeTyON CUE HELPS TKe PILOT BY SUPPLYING A NeCeESo 
SatY Leab SR aNtICIPATION CUc,.aS IN CBPING WITH aA LIGHTLY 
Mavecco eg UNS7ABLe veRICLe OR A SLUGGISH CONTROL SYSTEM, 


ae “hehe a? MerrOX CUc Real rSTICALLY HINDERS TE PJLOT IN Make 
TSG a SeSiReD COnyRAL MB7IBN, AS IN USING A VERY POWERFUL 9R 
SeSStritve CONTROL SYSTEMe 


A “eaSoNaBle cLCGMeNT OF WHeTHER SUCH CUcS WILL Be NEEDED IN A 
CIVe’ SEMLLATION CAN BE MADE BY INSPECTING The COMPARISENS ON 
the VeStGheCRITERIA CHARTS IN The REPORTS ReFeReENCeED, 


TF Leyebs 8F aCCeLeRATIGN S7RESS GREATER THAN AB8UT 4G ARE ANe 
TICIPATeE® They SFOULD B INCLUDED IN TKe SIMULATION, HOWEVER 
Tee fyAGGERATED SR SPURTBUS MeT TSN CUgeS ENCOUNTERED IN CL cb. 
LOSE PPERATIAN OF A CENTRIFUGE “UST Be TAKEN INTE ACCOUNT, 


AMP ITPANAL SIMULATION TECKNIGUES, SUCH AS MEASUREMENTS OF PER, 
FAEMAKCe AND FRYSIOLAGICAL CANDITION AND USE BF THe HUMAN PILOT 
ANALAG, ARE SFTEN A NECESSARY SLPPLEMENT TO ThE SUBJECT! VE BP. 
THOR GF TRE FICE. 


WEP UVERPTCECTOCCCCOSCLOC COSCO TCE AEE EEE TEE TEST TT CT SE 


Be ASUN, GeTe ANC ELGIN CIAZ, EFFECTS SF VISUAL REFERENCE ON Ao 
PaASTATISN TO MOTION SICKNESS AND SUBVECTIVE RESPONSES EVOKED BY 
ERACEC CROSS.CBLFLED ANGULAR ACCELERATIGNS. tFIFTH SYMPOSIUM BN 
Tee FALe GF Tre VESTIBULAR ORGANS IN SPACE EXPLORATION', HELD AT 
tEF Naval akRASPACE MEDICAL RESEARCH LaBes PENSACOLA, Fles aUG 
19°21» 157¢* PUBLISHED AS NASA Spe3i4s NATIBNAL AERBNAUTICS 

AKT SRACE ADMINISTRATIBN, WASKes DeCes 1974 


* ABSTRACT * 
THSep GRALFS BF 49 SUBVECTS cACk WERE FXP@SED TO STEPWISE INCREe 
MeNto MF CRASS.CALFLED ANGULAR ACCELERATIONS IN THREE VISUAL 
wAP ES; INTERNAL VISUAL REFERENCE (IVR), EXTERNAL VISUAL REFER» 
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EKCE (EVR)» ANC VISION ABSENT (VA)+ TRE SUBYECTS IN THE IVR 
CANCITIGN REGLIRED SIGNIFICANTLY GREATER AMOUNTS OF STIMULUS EXe 
FASLRE TA NELTRALIZE THEIR ILLUSORY SUBUECTIVE REACTIONS. THEY 
ALSA SLFFEREC A GREATER LOSS SF WELL*BEING AND A MERE MARKED JINe 
crCeNce 9F MBTIAN SICKNESS THAN DD SUBUFCTS JIN TRE EVR AND VA 
CPC ITIBNSe 


TRE SAME 30 SUBLECTS WERE FEEXPESED TS THE SAME GRADED CROASS~- 
CALFLET STIMLLATI6N 1 WEEK LATER. 

THIS Tive, HOWEVER, ALL TrE SUBLFCTS WFRE TESTED UNDER THE IVR 
CANCITIANe ALL TRREE GROLPS SHOWED SAME PE&SITIVE TRANSFER SF 
ACAFTATIAN, BLT ANLY THE IVReIVR CAMBINATIGON REGUIRED SIGNIFI « 
CANTLY FEWER BEAD MOTIONS TAH ACHIEVE THE SAME LEVEL &F ADAPTA. 
TIAN BN TRE SECANC ACCASIGN. TAKEN SVERALL, KEGWEVER, THE MOST 
EFFICIENT ANO LEAST DISTURBING ROUTE TA ADAPTATION AT THE CaM. 
PLFTTAN AF The SFCENC TEST WAS VIA TRE VAwIVR COMBINATIONS 


TL eee rece cee eer ee eee Pee eT PC AP PP eRe ee Ree ee Ree eee eee ee So 


FETIESS, Fe Aes ANC NEETSs De Ao 
AN ADyANCEC MeTeAC FAR ATRBARNE SIMULATION. 
YOe ATRCRAFT!, VOL>e le 44 JULSALG 1964, 


“ ARSEESE 4 
A MACEL.CONTRALLED SYSTEM MeTHAL FAR ATRBBRNE SIMULATION THAT 
OvERCA8MES SMe CISANDVANTAGES BF PRESENT VARIABLE “STABILITY 
ATFELAKES KAS Beeph STUDIED anabyTICALlLy AND PROvED FEASTALE, 
TRIS Neh APPRaAEH KAS BegeN a NATURAL 8UTGROWTH OF The 
DeVeLSPMeNT OF MADEL ADAPTIVE CONTROL SYSTEMS AND USES A SIMILAR 
MARELIFALLAWIAG CONCEPT, SaTISFACTARY MATCHING GF SPECIFIC 
MATION PaRAMeTeRS CAN Be ea A FAR Me0clL ge ripe AT 
Le acy UF TO Tre NaTLRAL FREQUENCY SF The BASE AIRPLANE USED FOR 
Fe AT RBARNE SIMULATOR, TIME Frs7ORIEs FRSM ANALEG sTUD] ES OF A 
Sy7bbLar8R USING a MODEL. CONTROLLED SYSTEM IN a SMaLL SUBSBN]C 
CET TRANSPORT adS USING a Hyp8the ICAL SUpERSBNIC TRANSPORT as 
The MaCeL ARe eResenre? AS exaMPlesS OF He SIMLLATIASN 
Fe FARM ANCe EXFe Tees IN a GeNeRal DisCUSSION OF AIRBORNE 
STMLLaTIAN, ly FS aSeRye0 THAT The MATION BF A SPECIFIC AIR. 
CRAFy CaNN87 Be A COMPLETELY WITR AN AIRBORNE SIMULATOR, 
exCeFy art CERTAIN me IFJC CONDITIONS, IF THe NUMBER GF 
TAC EPENC ENT CONTROL UeviICes FAR ~NGULAR AND LINEAR METION IS 
LeSS ThaX The ALMBER BF CORRESPENDING CeGRees BF FReEDSM TO Be 
SqMUL ater se HOhe VER, AIRBORNE SIMULATORS CAN Be VALUABLE 
SeSeaRCk aND FILO7-TRAINING TASLS THROUGH PROPER CHOICE OF THe 
MATIB, FARAMETERS TO BE MATCHED AND BY TAILORING THE PROGRAM TA 
THE PaRyiClLLaR SIMLLATSR USED, 


PTO PePePreEPEPCCCCCOCS CSL SS Pee CAPT RRR ST PSPS SEA SO 2 Do 


Reet, ete EFFECTS SF VISUALePROPRISCEPTIVE Che CANFLICTS 8N 
MUMAN TRACKING BERFARMANCE. AFHRLeTRe7 70320 WRIGHT*PATTERSON 
aFE, ek; aDvaNCeC SYSTEMS DIVISIAN, AIR FORCE HUMAN RESOURCES 
LAPARATQRYs wUNE 49776 
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* ABSTRACT * 
SPCECTIVE 
TRE FURPGSE 8F TKIS EXPERIMENT WAS TO INVESTIGATE 6BPERATGR PERe 
FeRManCe IN AK ENVIRONMENT WHICK WAS HIGHLY CSNDUC]VE TB VISUAL eo 
FRREGTOCEPTIVE CONFLICT. THE EXPERIMENTAL TASK REQUIRED THaT 
SLE UECTS MAME LER A SIMULATED ReMOreELY PILETED VEHICLE FROM A 
St*tLarel ATR paRNE CONTROL STATION (Iee,, 'MOTRE gh aE THe 
Srazreh a~NCsAR yee VEHICLE weRE GyV_EN SUbDEN GUSTel KE OJSTUR 
PANCES (TeEes STIMULT) AN PyTCH AND/OR ROLL, ag TE vISUAL 
INPUTS CerveD FROM THe veHyClhe WERE tNOcPeNDENT BF THe MOTION 
TNPL TS FROM Fe CONTROL STATION IN THE ENVIRONMENT, IT WAS NEC.W 
cessary FAR the 8FeRaTORS 7O DISREGARD sENSATIONS SOF MOTION IN 
SRTER pA MAINTAIN ADEQLATE PERFORMANCE, A MAJOR ge mead” was 
T6 CAMPAFE The EFFECTS BF CeNFLICT AND PRACTICE SN THE PeRFeR, 
MahCe RF SUBYECrS WhO HaVe HaD VARIOUS LeVeLS OF EXPERIENCE Wy rk 
maT Tan aC TRACKING (IeEes PILOTS, NAVIGATERS, AND INEXPERIENCED 


SLRLECTS) ® 


APFFPRN ACK 

TN a BETWEEN GROUPS DESIGN, 4@ SUBJECTS REPRESENTING EACH Level 
eF ¢xPeRreNCe WeRe TESTED IN BNE BF FBUR EXPER IM NTAL CON, 
Crgyenst tad viewal See cvel Ih wHECh 7 § vert Le WAS DIS, 

rLFA, Cy (B) MATIAN BNLY (MB) [TN WHICR the GPERATOR STATION WAS 
PyS7LRBeDs (C) SINGLE AxIS INCOMParyBlL_e (SAI) IN WHICH BOTH WeRE 
CysqpiReed, Bly pee vIsUabeMeryON COMBINaTIONS WERE IN CONFLICT 
wrTh ReSFeCy 78 CTReCTISNy aND (D) SINGLE AXIS COMPaTIBLe (SAC) 
th wher The vISLALSMBTION CAMBINa~tyONS WeRe COMPaTIBLe WITH 
NPRM aL yySbal CanzaCr FLYING, aN aDDI7y6Nal FEUR PIL@yS EXPERI» 
ENCED p COLBLEaxrS INCBMPayIBl_e CONDITION (Dal) IN WHICH THe 
VITCALQMATION COMBINATIGNS wWeRe IN CONFLICT WITH RESPECT 76 
CrReCyrIAN ANC axIS (€eGe, PITCH AND ROLL), 


CFF 
tre Ae eters ReyeAbeO THAT THe ExPeRIMENTAL CONDITIONS vEFF ERED 
Tt The TR PBTERTIAL T8 PRODUCE VISUALePROPRIOCEPTIVE CONFLICT, 
tee Say CONDITION ENGENCERED A HIGH PROPORTION OF RevERSAL 
FReASs yh CONTRAST TB VE AND SAC AMONG ALL EXPERIENCE GROUPS, 
tee Pay COND TIBN ReSllte0 yh A KTGH PROPBRTIEN BF axIS ERRARS 
(lefe, STICK CEFLECTIONS COMMENSURATE WITH THE AXIS AND DIRECe 
TIN SF wOTION), The ABSENCE SF MOTION LENGTHENED RESPONSE TIME 
An CaRRECT RegPanses, BLT ResUL TED IN a LOWER PROPBRTION OF 
cRRFRS, The BEST Pear enna ne BY ALL GRA@UPS WAS IN SAC, IT 

NaS CASCLUCED pray PATION PREYVICED a THAT aARe NOT EASILY 
TGN@R-C oeyICeNCe WAS FOUND 78 §uppe T The NOTTON THAT MOTION 
FLAYS aN ALERTING FUNCTION a~ND ALSA PR@yVIDES JNFERMATION BN THe 
PyaeC TITAN AF ATT] TUCE CrANGES, 


Tee FaSt EXPERIENCES BF PILETS DID NOT HELP THEM ByERCEME THE 
eFreCrs SF CANFLICT AS MEASURED BY CBNTREL ERRORS, BUT IT DY 
heLF ReCLCe The J® FeSP6ONSE LATENCIES. PILOT RESPONSE TIMES WERE 
SFAR TER TRAN ThASE OF NONSPILETS, BUT THE PROPORTION OF ERRORS 
MaCe BY FILOTS wAS ROUGRLY ECUAL TB THAT OF NONwPILOTS, THE 
eFFecyS (F PRaCtTICe WERE EVIDENCED PRIMARILY BY A REDUCTION OF 
Fevel'Sal gRRARS TN SAI ByER SESSIONS. THERE wAS NO COMPARABLE 
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ReCLCTIAN fF AXIS ERRORS BY PILETS IN NAle 


AVFERALL, THERE wAS A GREATER PROPBFTISBN @F CANTREL ERRORS TE 
RALL AXIS STIMULI TRAN TE P]TCke ALS&, RESPANSE TIMES WERE 
SHORTER 3N PITCe CANTREOL AND ThE MAVEMENT RATE FAELLEWING THE 6iNe 
CET FF TRE RESPSNSE WAS SLOWER BN THAT AXIS TRAN ON RBLLe 
MARFAVER, RESFANSE TIMES TA ERRORS WERE SHERTER AND MOVEMENT 
FATES SLAWER TRAN SN CBRRECT RESPOKSES. 


ANALYSIS BF AMENCMENT TIMES ON ERRORS REVEALED TRAT THE SUBYECTS 
ARFesyeCO ThEIR MAVEMENTS IN LESS TRAN TRE TIME CLAIMED TB BE 
NEFCED FAR VISUAL AKO KINESTHETIC FEEDBACKe THE RESULTS WERE 
INTERPRETATED IN TERMS GF ANTICIFATSRY BEHAVIOR BCCURRING PRIOR 
TA The BNSET BF ThE STIMULUS EVENTe WREN ERRGRS SCCUR»s THE SUBe 
LECT COMPENSATES FOR THE SHORT RespeNSe TIMES ASSOCIATES wITH 
FRFARe BY RECLCING MOVEMENT RATES THI s DECREASE JN MOVEMENT 
Fate FRavICES a af THe TIME NeeDED 78 CeMPLeTE THE PReCes. 
ey8G BF STIMLLLg YAFSRMaTION AND aLLOWs HIM 7a Raby TRE MOVEMENT 
SBANCR, TRIS aCTIVITY CAN OCCUR wiThBUT RECBURSE T8 SENSBRY 
FEECRACKe : 


‘TRC rr rer rere eeereeerere ee tee ee SREP PPC he ee eee ee ee ee 


REEVES» Peels 

A RANSGCALSSIAR TURBLLENCE Sy MULATION, TECHNICAL Be reRt 
AFFCL oT Re69067, AIR FORCE FLIGHT DYNAMICS LABBRATORY, AIR FORCE 
SYSteMS COMMANC, WRIGHT FATTERSSN AIR FORCE BASE, GHIG, 


NECEMBER 19656 


* ABSTRACT * 
4 CAMPARISEN BF The STATISTICAL PROPERTIES BF LOW ALTITUDE AT. 
ae He pe acreage aa 
syMe a IES S THA ¢ ATIS« 
elersAlly aCEeune fe br Tre New Gaussy ak Ter uRe oF TURBULENCE. a 
NON GalSsIAN 7URBLULENCE SIMULATIBN, INTENDED 78 Be USED IN 
CANCUNCy]6N Wyte PIeeTEC FLyGHT sp MuULATARS, 1S DeveLePed, 


tke Sy"LLATION aetahgied THREE SIMUL yaNeeUS RanOeM PREC SS_ES 
weECR REPRESENT the TRRee AR SHIGENAL sy COMPENENTS, FH, PROBA. 
Brhrry ErStRreuzyeh AF caCH COMPONENT JS CHaARaCTeERI ZED BY The 
MACTFre® BeSSel FUACTIGN SF THE SeECAND KIND 8F ORDER ZERG, ko, 
ANC tke POweR SPECTRAL CEeNSI TIES SUGGESTED BY b, L, DRYDEN ARE 
LseC 18 a SLIGHrLY MODIFIED FORM, THE RMS INTENSITY AND SCALE 
LENGTR BF EACK CaMPenENT ARE INDEPENDENT PARAMETERS. A GENERAL 
MeTRAL BF INTRACUCIAG CRESS SPECTRA BerweeN COMPBNENTS IS 


CEMANSTRATED. 


thee MULyyPLICaTyeN eF INDEPENDENT RaNDev PR@CeSSES IS USED 76 
CehcRat ae AF zeke GUST CAMPANENTS. GAUSSIAN White NOISE 
GeNeRaTORS, analBG PULTIPLIERS, AND LINFAR FILTERS ARE USED 
THRELGHELUT The SIMULATIABN, a COMPLETE ANALSG CIRCUIT DIAGRAM IS 
PRESENTET « 
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eee rere ee Seer eres es ee eT ee Pee ee ee ST ee eee Te ee eS Cee Tee eS Te ey SS eT | 


FEFVFS, Pe Mey ET ALeo 

NeVeLAPMeNT ANL APPLICATION SF a NON GaUSS1 aN ATMOSPHERE 
TLSELLENCE MOCEL FOR USe IN FLIGRy SIMLLATORS 

NaSa CR 2451, SEPTEMBER 1974 


* ABSTRACT # 
a “eprOC IS Beech yee FeR GeNeRatING TIM erase ice WHICK M@eDELS 
the FReGUgNCY C@anteNT ANC i i ge NONGAUSSIAN PROBABILITY 
ChaRaCtTePISTICS SF aTMOSPRERIC TURBULENCE, THe METHED ALS@ Re. 
FRECUCES The het: GUSTS AND sPATCHYt NATURE OF TURBULENCE, 
MetrMoS FOR FRECLCING SLCK IME FySTORieS USING EITHER ANALG OR 
NyGyral COMPLya~rrON aRe DESCRI HEC, 


AN eXFeRTMENT WaS PERFORMED IN WeICH a S7BL AIRPLaNe Was PRE, 
GR ar E INTO a 6.0 FREE 8 eFReeOBM FLIGHT SIMULATOR at NaSA 

ares, aSO TURBULEN G ai Hys7ORies FReM Seve Rat ATHBBPEERIC 

rl aCLchCe MaCels, IN LLB Ng THe aN .GauSSTA M@0-L, WERE INTRO, 
PLOED tke Prl&yss ReaCry8Ns T? THe VaR7OUsS MeDels ARE 

CE SCRIBEDe 


Terr rrr TrrrerrrerrrerrrEEOCCECOSOCOCOSELee eee eS TEESE EEL ELE SSE RESET OS 


Re Yells, Fetes SChELHBRN, Aree ANC WASSERMAN, Re ORIVE LEGIC 
FPR TKheFLIGHT SIMULLATBRS, AIAA PAPER 73933, AIAA VISVAL AND 
MATIGN STMLLATISN CONFERENCE, PALO ALTS, CAcoy SEPT. 19736 


*» ABSTRACT *# 
VAFIABLe STABILITY AIRCRAFT one BegN IMPROyED TS THE POINT 
wheRe TReY CAN Be CALLEC INFLIGHT SIMULATORS, 8Ne GF THe IM. 
FESVvemeENTS HAS Bech INDEPENDENT CONTROL BF ALL SIX DEGREES OF 
Ferelay, The Fak CONVENTIBNAL CONTROLS HAve BEEN AUGMENTED BY 
MrRecy LIFT ANC CrReCr SIDE FARCE CONTROL, WITHIN THE CAPABILe 
ITIeS HF TkeSe SIx CONTROLLERS AND THE AIRCRAFT STRUCTURE, THE 
CEeh S7ATION JN The AIRCRAFT BCCLPIEO BY THE EVALUATION PILOT 
caN Be weyeD IN The DES]RED MANNER, THIS PAPER DESCRIBES CBNe 
VeNTENT COMPLTATIGN ANC IMPLEMENTATION TECHNIQUES WHICH HAVE 
PEEN CEy]SED Te FRECUCE TRE DESIRED DYNaMIC METION, GROUND 
FFFeCTS, AFPARFAT CROSSWIND, AND STHER SPECIAL EFFECTS» 


4% TTT CCC ECCT CC CCPC CCC CSCC CC CPP CSP LE PPP APPT RP A OD OD 


Cale RICARCs Mahe CyRUS, CaPralIN DeCe CBXs TeKe TEMPLETON, LeCe 
TROMESAKR 

CAMFENSATION FAR TRANSPORT DELAYS PREDUCED BY COMPUTER IMAGE 
CeNeRATIAN SYSTEMS, NAVAL TRAINING EQUIPMENT CENTER, ORLANDO, FL 
avC FLYING TRAINING DIV,, AFKRL, wILLIAMS AFB, ARIZONAs NAVTRA® 
FELTECEN Tk=2oS7/AF RRL © TR=78=464 JUN 19788 
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* ABSTPACT * 
THIS REPART CESCRIBES A CBAPERATIVE NAVY/AIR FORCE EFFERT AIMED 
AT The FROBLEM BF IMAGEeFLUTTER ENCRUNTERED WHEN VISUAL DISPLAYS 
THAT FRESENT CAMPLTER@GENERATED IMAGES ARE USED FOR THE SIMULA} 
TIEN BF CERTAIN FLYING SI TUATIUNS. TWA EXPERIMENTS ARE DESCRIBED 
THAT EXTEND LABBRATO@RY WERK SN CELAY CB&MPENSATI8N SCHEMES TO THE 
CIMLLATIAN OF FARMATION FLIGHT IN A RESEARCH DEVICE «= TRE ADe 
VANCED SYMULATAR FAR PILOT TRAININGe TKE SCEME LSED WAS BNE 
WHERE LAweFASS FILTERS WERE ADCED TA TrE LEADeGENERATIAN SOFT~ 
wASeE 6F TRE VISUAL DISPLAY SYSTEM, BOTH STUDIES WERE GEARED Te 
METERMIAE BREAKePBINTS FBR THOSE FILTERS THAT WEULD ALLEW 
ADEGLATE FLYING CANTRAL PE?FRARMANCE AND PRAVIDE AN ACCEPTABLE 
CYISFLAY. THESE EXPERIMENTS WERE BASED BN THE NOTISN THAT A 
TRACE EXISTS BETWEEN THE SUPPRESSION GF THE VISUAL IMAGE'S FLUT- 
TEX anC Tre Reveval eF Tre LaW FREQUENCY JNFORMATIAN NECESSARY 
Fee FLIGKT CANTRAL. ONE EXPERIMENT REPRESENTED A FACTORIAL 
CAMBINATION BF SETTINGS BF THE CISPLAY FILTERS aNO THE NONevISUe 
AL Clues AF AIRCRAFT MOTIGN PROVIDED BY THE ASPT!S GeSEAT AND 
METIAK FLATFARM, ANC The SECANO RePReSeNTED A SIMPLE C8MPARISOAN 
SF FILTER SETTINGS. BOTH STUDIES INUICATED ThaT, AT LEAST FOR 
FeRMaTISN FLIGHT, TRERE IS a RANGE AF FILTER SETTINGS WHICH WILL 
NET ACVERSELY AFFeCY FLIGRT CONTROL AND WILL a~CeGlatTeLY 
SLPPRESS VISLAL FLUTTER. THIS RANGE REPRESENTS HALF ePQWER SETo 
yrXGs FAR The FILTERS GF 3/74 T8141 HERTZ. 


Hae TEE HEHE HE HEE HEHE EEE HH HEHEHE HHH HH HEE 


RICARD, Gebe ANC PUIG, woAe DELAY GF vySUal FEEDBACK IN AlIRe 
CRAFy SIMLLATBRS, NAVAL TRAINING EQUIPMENT CENTER, BRLANDS, 
FLARICA, ' TECK. NOTES NAVTRAEGUIPCEN Thm561, MARCH 19776 


* ABSTRACT * 
ThE LITERATURE OF Tre MaNUaL CONTRAL OF SYSTEMS INCARPGRATING 
Celays [N THe PR SENTATION OF VISUAL INFORMATION IS R vlenEe Jc 
she Ce VELOPMENT BE SPECIFICATIONS OF V{SUAL DISPLAYS FOR FLIGHy 
SIMULATORS, = SeveRAL CASES ake PReceNTED WHER DISPLAY Delays 
kave aFFeCteO the Use OF APERATIONAL S{MULATION DevICES, AND 
TKE MEANS CURRENT Y usec Te c8\ TEND WI TH THESE DELAYS ARE 
CYSCUSSED, ThA sBPRB ACK ES T8 PREPARING SPECIFICATIANS ARE 
AFFeRED AND aVatbaPl_e INFORMATION PeLevaNT 16 EACH IS PRESENTED. 


The Neel EXISTS 76 DEFINE MORE PRECISELY THE LIMITS FOR TIME 
Relays, ¢SFeCralLy FOR FLIGHT SIMULATORS, AS ThESE LIMITS CAN 
“FF Cr the DESIGN OF VISLAL DISPLAYS, AF +METIGN BASES! 

Filoqne Seat CLSkI6N CYNaMyCS), AR BF aNY SENSOR DISPLAY THAT 
ReGlrRes CYNAMIC JNTERACTIAN BF CRew MemMBERS wWITh ThE SYSTEM, 


POET ECE PTEEILCC COLES Cee oe Bee BS Ak bh ee ded 


R1Ck aRDSHN Cy, ANG athaRR ah, RC, Tre APPL ICATIGN 8F FLIGHy 
S]MeL aT ARS TH phe De veb@PMeNT OF Tre AscA VIGILANTE, NORTH 
AMER YCaN avyaTyON, prCos COLUMBLS DyVJSy6Ne PRESENTED AT 'araa 
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sy™LLaTtyAas FAR a~eROSPACE FLIGHT!#, NATIGNAL SPECIALIST MEETING, 
CALLMBLS, GHIA, ALG 26"28s 19636 


* ABSTRACT * 
tT. 19655, TRE CaLLMBUs DyvrsyaNn BF NARTRK AMERICAN AVIATIEN 
STORTED CEVELSPMENT OF THE AwSA VIGILANTEe TRIS ALL WEATHER 
+FAPAN SYSTEM REPRESENTED AN APPRECTABLE ADVANCE IN THE 
STAT eS eTHE SAT OF AIRCRAFT DESIGN, PARTICULARLY JIN THE AREA OF 
SETAINING A REASANABLE COMPROMISE BETWEEN THE CONFLICTING 
RECLIREMENTS FER SUSTAINED SUPERS@NIC FLIGHT aND Gaed LOW eSFEED 
ChARACTERISTICS NegpDeD FBR CARRIER SPERATION, THIS oe 
PETCFLY RACES zeke CEVELOPMENT SF THE awSas aNOD IN PaRatlel, 
TRE MeVELOPMENT aND USE BF FLIGHT SIMULATORS aS AN AID 76 
sALYyrNG MANY BF qtke CRI7ICaL OpvelLePMeny ti ge ENCOUNT Red, 
tee DySCUSSIAN med: Be FRyMaR LY CaNnCeRNeD With THe USE oF 
cypMLLarpoN FBR yke SBLUYJON HF HANOLING QUaltyIg¢S aND FLIGHy 
CeNTPAL FRABLEMS. 


Thr TNFLLENCES BF STMULATION PRAGRAMS WHETHER PyrLOTeD BR NON. 
FyLarcl wRICh weRe PERTINENT TS THE AesA DESIGN ARE DISCUSSED, 

a CAVFaRystin BF SyMUCaTeR ReslL rs an0 PLIGHr TEST Bata IS Made 
yA FReyvi0e PRA6F BF THe vALICITY 6F THe SIMULATOR AS A DESIGN 
TESL, PILOT EVALLATION BF yRe AIRPLANE CHARACTERISTICS FOR THe 
Frxel aNU MOVING BaSe SIMLLaTOR SyUDIES IS PRESENTED IN TERMS BF 
re lseyNyAN BALACAR TES aND PILOT RaTINGS BF The FUNDAMENTAL 
Cy\aMrC ChAaRACTERISTICS IN @RDER THAT THE READER CAN READILY 
INTERERE ? the Data aNO COMPaRe WIth GrkER AIRCRAFT wITH WHICH 

KF IS FAMILIAR. 


FEM AGIY. RECOMMENDATIONS ARe MADE REGARDING The UTILIZATION OF 
FIL@re-C FLIGky SIMULATARS IN AIDING THe DeveLOPMENT OF FUTURE 
aDVANee eC AIRCRAFT CA@NCEFTS. IT SHBULD ge NOTEC THAT THESE 
SeCAMMERCATIOAAS REPRESENT THe OPINIONS SF THe AUTHORS AND AR 
\NAr Ne CeSSARILY THOSE OF NORTH AMERICAN AyIATION, INCe 


' . 
(alTkBR) 
rrr r rrr rrrrrrerererireeePere eS EPP LSPeES A ee ee 


Coe. RICHTER, ET AL @ SIX DEGREE BF FREEDOM APPARATUS 
FATENT NARe 32449, 843 
FYLED ALGe 3, 1966 GRANTED JUNE 17, 1969 


\8 ABSTRACT 
EH HTH HEHEHE HEHE EH HEHE EH HH wo 


FINGLANL, ReFyy STAPLEFARD, RL, AND MAGDALENG, RE, 
cFFecrS #N AN TFR HOVERING TASK « ANALYTICAL PRED] 
FER IMenTaAL PESLLTS-e NASA CRo1933 SYSTEMS TECHNSLS 
13766 SOLTR FAWTRARAE BOULEVARD, HAWTHORNE, Carl Oe 
ATTA AL AgRONa~L TICS ANC SPACE ADMINISTRATION', & 
Ref e Neve 159716 
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* ABSTRACT «* 
AN ANALYTICAL PILOT MBDEL INCBRPERATING THE EFFECTS @F MOTION 
CUFS ANG CISFLAY SCANNING AND SAMPLING JS TESTED BY C8MPARING 
FRECICTIANS AGAINST EXPERIMENTAL RESULTS ON A MBVING BASE 
SIMLLATBRe TRE SIMULATED TASK IS THAT BF PRECISI@N HOVERING OF 
4 VTGL RAVING VARYING AMOUNTS FF RATE DAMPING, AND USING 
CEFARATER INSTRUMENT DISPLAYSe MBTION CUE EFFECTS ARE 
INVESTIGATED BY RUNNING TRE EXPERIMENT UNDER FIXED AND MOVING 
PASE CAHANITIANS. TRE LATTER IN TWA MODES eo FULL M@TIBN, AND 
ANGLL4R MOTIGN BALY, OFSPLAY SCANNING BEHAVIOR IS MEASURED BN 
SeYE BF TRE RLNSe 


TRE RESULTS 8F Tee PROGRAM SHO” THAT PERFORMANCE IS BEST WITH 
ANGLLAR MOTIBN BNLY, MOST PRGBABLY BECAUSE BF A GeVECTEAR TILT 
CLF IS AVAILABLE TA THE PILOT IN THIS MATION CBNDITIEN, THIS 
PRAVICES AN ATTITLDE INCICATION EVEN WeeN NO7 VISUALLY FIXATING 
Tee ATTItbCe CISpLAY. yeSTiputar THRESKBLD errptre ARE alS 
EReSeX7 IN The RESULTS Bose sear THe CISPLAY SCALING US_D 78 
Pew ry RAVERING FASITION CANTRAL WITHIN THe MOTISN SIMULATOR 
LIMITS « NO wWaSKOLTS ARE LSeD IN the SrMULATEOR ORI ve SIGNaLsS, 
rhe TFR NATURE OF Tre TASK RESULTS IN LARGe DeCReMeNTS IN PILOT 
BPIN]BK aNC PERFORMANCE ReLatiIVe 78 VFR CONDITISNS BECAUSE BF 
THe SCANNING WORKLOAD, MEASUREMENTS OF SCANNING BeHAVIBRK ARE 
ARe SceN\Srtive 18 M67 ]8N COND TIONS aND SHOW MORE ATTENTION 76 
ATTITECE CSN7REL UNCER FI xed BASE CAND] TIONS, 


TTT rrr rrr rs T Terrrrrrrerer ee eee rererverorere cesar e re eee eer Ty 


FrPLey, A. AN ASSgSSTENT OF THE FLIGHT SIMULATOR MOTION Rey 
GUIREMENT. A BRIgrk PRESENTED BY CBLONEL ROY RIPLEY, CHAIRMAN OF 
LgAF sIMULAT@R PANEL, AT THe AIR FarCE KUMAN RESOURCE LAte 
ARATARY, WILLIAMS AFBs ARIZONA» 27 GAN 419776 


#* ABSTRACT * 
Srllies b SSISTANC, T M T SCIENTISTS ] 
SPAIN ERG Agsg are teL (BR. Conroe Re ire, Pell CARB AND dus 
MATFERY), T PaNelL ALSO RevIEWED RECBMMENDATIBNS Mabe Te THe 
TACTICAL AIR COMMaNCD (TAC) BY TWE MEMBERS GF the SIMULATOR 
aDViSBxy BPaRC (SaB) BN TRIS brik: Tre MAJOR BPERATING 
CAaYMancs, AFSC ANC THE Navy PROVIDED TreIR PGSITIONS, CURRENT 
j MATIAN TeCRNOLAGY an PlatNceD ReseRaCH wWeRE REVIEWED AND THe 

Ceer BF aCGUYRYNE AND AFERaTING tHe PRaGRaMMeD MOTIA8NS SYSTEMS 


WAS ASSESSED. 


PVE UVUUVTELESITRU EERIE OSES ECE CAS EE EES SET ETE TEETER ERE RST 


RIF ROY 

CHIEF OF NAVAL e0LCaTI8X aND TRAINING LIAISON OFFICE, alk FORCE 
BLMAN R sOURC, ABARATORY, FLYING TRAINING DIvISION, WILLTAMS 
AFP, aRTZ6Na, USaF a Se Ssuent 8F THE FLIGHT SIMULATOR MOTION 
ReGliReheNT, WITH AN ENCLOSURE 'AN ASSESSMENT GF THe FLIGHT SIMe 


A 
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LLATOR MeTION ReglIReMeNTt a BRiege GlveN By Celene Ry Ripley 
ChapeMan 8 sae SIMULATAGR PaNEL, JANUARY 49776 . 


* ABSTRACT * 
Tee BRIce STATES TRAT ThEeRe ARE CeRTAIN AREAS wheRe THe USAF 
S7qll pee BeCySyON SPPORSUR] Y BKPURCH Sp OF PLATFORM MO, [ON 
ss? Tp APPEARS ThAT THEIR CONTRACTS ARe GEARED 78 ADDING PLAT. 
FeS™ syrrO\ Far FUTURE PROCUREMENTS, FbOWEVER, GENERAL SCHRUPP, 
CeFlry Rteee yee BF BPERATIANS AND READINESS, HEADQUARTERS USAF 
sEr ALs® SPeCTaL aSSISTANT FOR AIRCREW SIMULATORS, INDICATED IN 
aA “TSCLSSISN keRe AT NRL/FT ON 10 YAN 4977, THAT THe DECISION 
hal Pech MADE TA EGUIP ALL HEAVY AIRCRAFT (Be52/KC135/C130) AND 
aLl. «The BIOY aIRCRAFT SIMULATORS WITH A MOTION BASE, hE 
FLE yh. STATEE tThaT abl FIGHTERS WOULD NOT Be SO EQUIPPED AND 
Thay pee CeCTS;8N WOULD Be ReVigwWeD IN ABOUT A YEAR, AT WHICH 
TI*e hE EXPECTED NO CHANGE 


TwREEPETT COCO OSOPEPCESE ESSE SLES TEEPE ERA EE ET ET ETE ESE 


RIVERS, He Aes VAN ARSDALLs Re Se 

SIMLLATER CAMFARATIVE EVALUATION. 

IN FrECeEECINGS SF The 1gTH NTEC/INOUSTRy CONFERENCE 
TECke REFT« Ib=29Qqs 

NAVEMBER 15°17% 19776 


* ABSTRACT # 

he FURPnge BF yHyS PROueCT WaS JO SUBYECTIVELY EVALUATE TH 

AP AP YL Iq7I¢S ane Livi taTTONs 6F Loa Senyer ans ReEONPT URED : 
]y*lLararRS TO ICeNTIFY ATURES THAT CAULD Me ANCe FUTUR 

ATE TASSURFACE SYruLATeR » IN ADDITION, NO sFIGHPER. CONFIGURED 
SE RATIANAL NevICeS AND CERTAIN SYSTEMS IN Oe veraneet WERE 
EXAMINER FAR Featbres HavING POTENTIAL APPLICATION TE TACTICAL 
SIMLLATAPRS. 


PwOEPUPEPPECISOOCCECOCSESCOSCC COS CS REP ITE TERT ETT Fh PP TY 


RORERTS, CeDsy» FLORISSANT» AND FENGs Cole 
CaNCUCTRAN CARP. 

CeNTReaL SYSTEM FAR PLATFORM HAVING SIX DEGREES OF FREEDOM 
FATENT KAe 306290354, SEPT* 22s 19706 


* ABSTRACT *# 
Tee PLATFORM BF « MOTION BASE IS SUPPORTED BY THREE ELEMENTS 
akICe ACT LPAR A PAINT ADJACENT ONE SIDE BF THAT PLATFORM AND BY 
Ther EURTRER ELEMERTS WHICH ACT UPBN A SECOND POINT ADYACEKT 
Tee PRPPESITE SICe OF THAT PLATFORM; AND EACH OF ere PBINTS CAN 
Se MAvEC IN Tee x Y AND Z DIRECTIONS, AND THAT PLATFORM CAN BE 
Ke TATED sBSUT AN AXIS EXTENDING BeTwEEN THOSE POINTS, T6 
FRAVICe SIA CeGReeS BF MOTION FOR THAT PLATFORM, 


PTR UEPTEPERETECEPETT CCC TT th 
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R@LFE, GCeMe 'VERICLE SIMULATISN FER TRAINING AND RESEARCH!, 
FARK RBKBLGH, ENGLANCS RAF INSTITUTE OF AVIATION MEDICINE, 
TAM@Re44 22 MARCkK 1968¢ U77"651 (PRACEEDINGS BF A SYMPOSIUM HELD 
AT TkE LAIVERSITY OF SUSSEX AS PART OF THE 1968 ANNUAL CONFERS 
FNCE 6F TRE ERGANOMICS SBCIETYe) 


* ABSTRACT *# 
VEFICLE SIMULATIAN MAY BE SUB-CIVIDED CONVENIENTLY INTO TWO 
ASPECTS » SIMLLATION FOR TRAINING, AND SIMULATION FOR RESEARCH. 
IT 1S RARE FOR A SIMULATOR 19 BE DESIGNED TS DB BETH THESE yYEBss 
RAREP STILL FER IT TH OB THEM SUCCESSFULLYe ThE REGUIREMENTS 
FER ter ThS TYPES DIFFER CONSICERABLY, aS DfES ThE MANNER IN 
hE TCR TREY ARE BFERATED. 


TETIS SYMPOSILM ACKNAWLECGES TRAINING/RESEARCH CICKOTOMY. THE 
FIRST TRREE FaPeRS DEAL WITH TRAINING USING S]MULATORS, AND THE 
SECONC THREE CysClss ReseARCH WITH SIMULATORS, (FROM 
INTFACLCORY REMARKS BY A,G, BARNES, BRITISH AIRCRAFT CORP,, 
FRESTS\.) 


CLE CaS Se CeCe eC SEO SSE CEES EES ECOL EP SEC EPS EAR ES ERR SESSA SRS ERLE 


RaLFe, GeMe '8FLIGHT SIMULATOR RESEARCr AT THe ROYAL AIR FORCE 
INStItUTeE. SF aVvIATION MER ICINE ts RaF t\StitTuTeE OF AVIATION Mede 
ICTNE, IN tAPPLIED ERGENOMICS 1, y8Le 4s NO Bs PP 84-90% 19736 


* ABSTRACT »* 
AFTe? TRACING The DeveLOPMeENT SF FLIGHT SIMULATORS, THE AUTHOR 
ReFers 78 THE SIMULATORS USED FOR ReSeaRCH AT THE RaF INSTITUTE 
AF ayvyarr8N PeOiCyhe, PesCRIBING Seven EXAMPLES OF THE 
INS7TpUte HS ReSeaRCrh CARRIED BUT WITH THEIR AIO, TheSE COyER A 
CeMeaRysaN AF a Jpeg INCICATORS, PILET Re SPONSE, ig’ Cues 
aK LatOyNg PERE RMaNCe, STUDENT PILOTS aSSeSSMeNTS, FAMILIAR, 
TZATIAN BprAvioer, evALUATING aN AIRRGRNE NAVIGATION DISPLay, 
AKC arriphCe a~hC BPINION SURyeEYS, 


PwRPEPERUP COCOA EOSCSCCOCESCCOOS EC CEP ESOS EST EPEC ELEC RRR RAR REALE LE SE | 


FalFe, oh, KeeFIhG UP 6N THe GREUND . FLIGHT SIMULATORS, Raf, 
TRAINING COMMANC, BRAMPTOR, CUMB,, ENGLAND, "AERONAUTICAL J@UR. 
NALt, VOL® 819 VULY 1977 28192926 


* ABSTRACT *# 

tee FaCr3RS INFLUENCING The vaAbbe BF FLIGHT SIMULATORS ARE DIS. 
CUSSeC IN TERMS BF COST cFTECTIVENESS ANO THe CeveELSpMENT PRO. 
CelLkeSs FOR a SUSTAINED, EFFECTIVE TRAINING PROGRAM, THE MAJOR 
PRAPLEMS BF SyMLLATeR FIOEL TY ARE DESCRIBED, INCLUDING (4) THe 
AMPLAT RE MOTION NECESSARY TO MAke THE SIMULATOR EFFECTIVE, (2) 

IFFICULTIES IN REPRESENTING THe EXTERNAL VISUAL WERLO (WITH THE 

SCRrPyTONS BF SeVeRal EXISTIN TECHNIGUES ADDED), AND (3) SIMe 
cEarten 9F ArkeR TRAFFIC STIMULATORS ARe IDENTIFIED, SUCH AS 
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CAST, RISK, ECSLAGICAL CONSIDERATIONS, TRAINING AND COST EFFEC. 
TIVENESS, SAFETY, AND TECHNOLOGICAL FEASIBILITY, A Basic TRAINS 
ING PRAGRAY 15 QUyL NED WITH REFERENCE 7@ AalOg ANe govt nENT 
(hALL CkaRTS, SLICES, MOTION PICTURES, eTCe), A D tHe evalUaTIOnN 
BF SLCH a PROGRAM (DEFINING BBYECTIVES, PLANNING AND STAFF 
SeleCrrat, aXC valIDATION 8F TRAINING PROCEDURES), 


WwerrewrereereECESCTECC CCC OS OCT SPER RETESET PEPE TET ET RECT ET TPP 


FALFE, CoMes FAMMERTON®FRASERs AeMeoy PQULTER, Ref » AND SMITH, 
Fev eB. tRILAT RESPONSE JN FLIGHT AND SIMULATED FLIGHT, 
RaYal ar® FORCE INSTITUTE BF AVIATION MEDICINE, F ARNBOROUGH, 
FANTS, JN 'ERGANOMICS's, 19702 VOLUME 134 NOe 62 761°7686 


* ABSTRACT # 

THIS PAPER DESCRIBES AN EXPERIMENT IN WHICH AN ATTEMPT WAS MADE 
TH ASSESS THE VALLE SF ThS TYPES BF RESPONSE, CONTROL ACTIVITY 
aNC PRYSTOLOGICAL ACTIVITY, AS INDICATIONS OF THE EFFECT ON 
StTLLaTaR FIDELITY BF ACOING PITCH MO@TIBN CUESs THE 
INVESTIGATION USeC «a GeNeRaL PURPOSE RESEARCH SIMULATOR AND A 
TVASeATER HUNTER To AIRCRAFT, The RESPONSES OF NINE 
exPes Fenced FIL8TS WERE COMPARED WHEN, FLYING ON INSTRUMENTS, 
TheY UNCERTAAK The SAME FLIGHT PLAN UNDER THReEe OIFFERENT 
COSEITIONKSs NAMELYS 

FLIGHT IN THE HUNTER T7 AIRCRAFTS 

STPLLATEC FLIGHT IN Tke SIMULATOR wITH PITCH MOTION PRESENT, 

AKC 

SIMLLATEC FLIGHT IN THe SAME SIMULATOR WITHOUT MOTION, 


PES EPROP TEC OCSECPRCSIOOCC OSS EST ECE E ETE TET EY 


RPPeLewSkI, %,R,  SIMULaTOR REFINES FIGHTER DESIGN, 'aVIATION 
wEF & SPACE TECHKNOLOBGY1, MAY 8% 1972 


# ABSTRACT *# 
TRIS aRTIClLe CeSCRIeeS NORTHROP'S LARGE eAMPLITUDE SIMULATOR AND 
S*e OF The ENGINEER'S AND PILOT OPINION OF ITS CAPABILITIES, 


PREP OVESTESLOLEOEOCCIOCCCSS ETE AEE ETT | 


RA*ChE, Sek INCREMEN7a~L TRANSFER aND COSr7 EFFECyI]VENESS OF 
et emt TPAINING SIMULATORS, iNTEC, TNOUSTRY CONFERENCE PROCEED. 
INGS0, NAVTRAEGLIFCEN Ihe240s 19°21 NOVe 1974 


* ABSTRACT # 
FOR the CONFERENCE TOPICs +TRAINING ECONOMY THROUGH SIMULA’ 
TI®N1, THE AUTHOR RevieheO THE KEY ISSUES IN TRANSFER AND CesT 
FFE eCTI VEN ESS OF FLIGHT TRAINING SIMULATORS, he ALSO REVIEWED 
KOARCE (4974) STUCY WHICh He REFERRED TO AS 'TKE FIRST EXPER} 
IwehT BEARING cIRECTLY LPON THE TRANSFER FROM A +1 ag T@ AN 
alSELaNe AS A FUNCTION OF THE KIND OF SIMULATOR MOTION.e.? DR, 
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RASCBE aLSS BRIEFLY DESCRIBED A TRANSFER EXPERIMENT CONDUCTED at 
TRE UNIVERSITY 8F ILLINGIS USING A LINK GAT#Z GENERAL AVIATIG6N 
TRAINER TO A LIGHT GENERAL AVIATIAN AIRCRAFT« THIS EXPERIMENT 
IS CESCRIBED FULLY IN JACBES AND ROSCBE (1975) 


PWwESEPVECTESLOSOESCECSCCES ESE REPS TAS EPSP RCE REESE ETRE RSET EE ESE SE Ts 


FASCAE, SeNe ‘EFFECTIVE AND ECBNBMICAL SIMULATION IN THE DE~ 
STGN ANC USE @F AERA SYSTEMS's SAVOY AVIATION RESEARCH LAB AT 
THE UNIVERSITY BF ILLINGIS, URBANA»CHAMPAIGN FOR AFBSR, REPORT 
NB@e ARL@75°8/AFBSRo75"3 APRIL 1975¢ AD NOe AQIE="012>6 


# ABSTRACT *# 
THIS PAPER IS A LIGHTLY EDITED TRANSCRIFT OF A 1975 TALK 
PRESENTED AT A CONFERENCE ON SIMULATI6N BF AERO SYSTEMS 
CaesPaenseReD BY The AIR FORCE OFFICE BF SCIENTIFIC RESEARCH AND 
TRE ATR FORCE FLIGHT DYNAMICS LABBRATORY. THE CHARACTERISTICS 
SF AIRCRAFT SIMULATORS LEADING TO THEIR EFFECTIVE AND ECONOMICAL 
LSE ARE SROWN EXPERIMENTALLY 79 DIFFER AS A FUNCTION OF THEIR 
APPLICATION, wWeeThER IN ENGINEERING RESEARCH, PILOT PERFORMANCE 
ASScSSMeENT ANC PRECICTIGN OR TRAINING, ISSUES IN the DESIGN AND 
Lse SF FLIGHT TRAINING, SIMULATORS INvOlLve THe EFFECTIVENESS 
AND cCANAMICS 6F MBTION SYStEMS, VISUAL SYSTEMS, AND PERFORMANCE 
MEASLREMENT SYSTEMSe . 3 


eRe rrr re errrrrerereseeceeeSOCerOSer eres ee CTE TEPC E SERPS REET Te TS 


ReSC%¢, See AND WILLIGES, RoCo #MOTION RELATIONSHIPS IN ATR, : 
CRAFT ATTITUDE AND GUIDANCE CISPLAYS: A FLIGHT EXPERIMENT!, 
tHLMAN FACTORS's 19754 174 374°387° 


* ABSTRACT «# 
Stxtegh NONPILS7 NAYAL RETC STUDENTS WeRE TESTED SN TASKS 
INVEL YING CONFLICTING vISbaL ANC VESTIBULAR CUES WHICH FLYING 
atte pack BF FALR BaSIC aIRCRaF Tt ATTITUDE SO ae acne pirrite 
K 
7) 4 


‘ 


har} 7 MOVING arPPLanc, FREQUENCY SEPARATED, AND KINALOG) IN A 
SeeChCRAFT Ceoysk AIRPLANE. FLIGHT.DIRECTOR veERSIGNS OF FACh 
TISeLayY PRESENTING EL TBE COmPENSATONY BR PYRSYIT STEERING 
GLICaNCe WeRe a~ls@ COMPARED SN A COMMAND FLIGHT Patk TRACKING 
TASK IN V@gbVING RAKNDQM HEADING CHANGES. Fa@R ALL ATTITUDE 
PRESENTATIONS, PURSUIT TRACKING WaS SUPERIOR 76 COMPENSATORY 
TRACKING AND Tee ORDER OF MeRiT OF THe FOUR artiTUDe PReseNra. 
TIAKS IN FLIGky Cages CBUBT UPON tHe ValrDy TY OF abiaess 
S]"LLaTAR EXPERIMENTS, IT WAS CONCLUDED THaT THE P INCIPLE OF 
SPSFLAY FREQUENCY SEPARATION PROVIDES Ay LEAST EQUIVALENT PILOy 

STEERING PERFORMANCE T9 THAT O8TAINEO WITH THe CONVENTIONAL 

“@VING FARIZON FARMaT, WHIL THE ANT IG PATORY CUES IT _AFFARDS 

teXts 76 RE UCe The 1kc1DeNEe 6F CONTROL RevERSALS UNDER 

CrRCUMSyaNCes GF SUBLIMINAL ANGULAR ACCELERATION BY PROVIDING 

INTTTAL DIRECTIGNeOFeMATION COMPATIBILITY. ‘) 


PVE CUP ERTESITISCEOCOSES SSE CLEC CRESS ETE TRACES SSS en 
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NATIONAL AERONALTICS ANC SPaCeE ACMINISTRATION, 'COAMPENDIUM 6F 
kULMAN RESPONSES TA THE AER@SPACE ENVIRANMENT#H, NASA CReoi205(11), 
yal Tr, SECTIBKS 79, ECITED BY ROTH, E.Me, LOVELACE FOUNDATION 
FRR weNrcAL ECLCATION AND RESEARCH, ALBUQUERCLE, Nem. FOR NaSa, 
-ASKIKSTANs ReCe NOBVe 1968 


* ABSTRACT ® 
ABSTRACT CSECTIEN 7) 
TRF SPECTRLY 8F ACCELERATION ENVIRONMEATS IS EXTREMELY LARGE 
axl MAY VARY TN DURATIAN, MAGNITUDE, Rate BF @NSET AND DECLINE, 
aN® CTRECTIAN. SOME ACCELERATION EXPBSURES MaY BE SO MILD THarT 
TEPY RAVE RELATIVELY NO PHYS;OLAG;Cal AR PSYCHALOPHYSI@LEGICaL 
=FFectsS, @R TREY MAY BECOME SB SEVFRE TKAT THEY PREDUCE MAJOR 
CISBURPANCES+e AFTER A REVIEW SF ACCELERATION IN THE THREE 
ANTRASNAL AXES, TRE ROTATING ENVIRONMERT, ANGULAR ACCELERATION, 
SLAGRAVITY, ZERO GRAVITY, AND IMPACT ARE PRESENTED. VIBRATION 
1S CAy:keC SEPARATELY IN SECTISN ge (SECTIBN 9g CONCERNS SOUND 
AND NOTSEe) 


WwREMPESPOUL MERE RECESSES EE SESE SERS ET ERE EERE AER SERA ETE RR DD 


NLERAM 5 Fe 

Tpe7Gn BF a MATTAN SIMULATOR WITh SEVERAL cE CREES OF FREpOOM FOR 

ESGAKBMICS STUCTES. (IN GERMAN). MUNICK TECHNICAL UNIV, MUNICH, 

be Sy GERMANY, Ceurts en GeSeLLSCRaFy FueR ORTUNG UND NAVIGATION, 
( MaTT@NAL TAGERRG LeveR SIMULATION IN OTENSTE OES VERKENRS, BRES 

MEN, weST GERMARY, APRIL 15174 1975¢ 


* S * | 
a “SryaN SIMLLATOAR FAS PEER bevecaped o PR@DUCE ill ny PITCH, 
BALL, Sway, ANC FEA E Th RDER Fe DETERMINE THe PSYCHELEGICAL ‘ 
ah™ PRYSTOLOGTCAL ef ECTS 9F SUCk MOTION, ESPECIALLY 8N TRACKING 
ee RFARMANCE, Tee MeCRANICAL, HYDRAULIC AND ELECTRICAL 
COVMEAKENTS SF the New DESIGN ARE Of SCRIBED, ALONG WITH ITS 
CONTGEL ANC SURVEILLANCe SYSTEMS, UNLIKE THE MAYORITY OF 
EhryTdlS SIMLLATARS, The PReSeNT DevICr CAN INVESTIGATE THE 
TRFLU: ' Ce SF RATATIANAL MATION AND COMBINED LINEAR ACCELERAS 
TIONS. 


WEP UPETTEEELEREEECEEE LOSE CECE C ROCESS EE CSE REREAD OB] 
SLOCLES, weGe «© ARIENTATOR 

GATERT Nite 499400874 

Frlem aPRIL 16s 1917 GRANTEC QUNE & 1929 


NA ARS TRACT 
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RLSCLES, WeGe © ARIENTATOR 
FATENT Ae 1293932456 
FILED SEPe Gs 1918 GRANTED 9SCTe 11, 1921 


KA ANSTRACT 
To RE RPP EP SERS ERS EC ER ESR ERE SE PSEA REPEAT PRR SREP ASPET Pee eee eee 


RUWCCH» Yes KLIERs Ses GAGE» He AND VITALE» Pe UCESIGN FACTORS 
IN EXVIRSNMENTAL STIMULATIBN, ‘NAVAL TRAINING CEVICE CENTER 
REFASTS! NAVTRACFYVCEN 66*C=0019"1, AD=k80 048, DEC 197Ce 


* ABSTRACT * 
A STLOY WAS CARCLCTED TA INVESTIGATE Tre RELATIGNSHIPS BETWEEN 
VAFIECLS ASPECTS SF COCKFIT MATIN AND FILAT PERFERMANCEe THE 
TASK BF LANDING APPROACr WAS CARRIFO 8UT BY EXPERIENCED FILOTS 
RETR IN Tre SITMLLATAR AND IN Tee AIRCRAFT, The RESULTS OF The 
EXPERIMENT INCICATEC THATS BOTH EXPERIMENTAL APPARATUS ANC 
CeSten yaRTAPLeES OPERATED TA LIMIT THe CONCLUSIONS 76 BE DRAWN 
FRAw ree STUCY; CBMPARISBNS AgTheEN PILAT PERFORMANCE IN THe 
SI*LLw~TBP ANC Tre ACTUAL AIRCRAFT weRe POSSIBLE BLT N6@r MEANINGe 
FULLY &rLaTel T8 THe EXPERIMENTAL QUESTIBNS; AND WITH RESPECT TB 
THE TeST GF The RELATIONSHIPS SeTWEEN FILOT PERFORMANCE aND 
VARTATIBNS IN Tre MOTION CraRaCTERISTICS, MEANINGFUL CONCLUSIONS 
heRe Ay POSSTBLE FeCaAUSe AF EXPERIMENTAL APPARATUS aND DESIGN 
TIFETCLL TIES. Tre STUY PRavICel valUaBle KNOWLEDGE FOR 
MePrNprran ANC Gla 7IFICaTION AF STMUL~TOR MOTION WHICH SHOULD 
PRAve USe FLL YN FLUTLRE INVESTIGATIANS fF THe EFFECT EF SIMULATER 
MEeTTAN LEEK FekFARMANCE aND TRANSFER BF TRAINING. (AUTHOR) 


PPUEPrPCPTPTSCCPTOPVECETOCLE SC OS EPEC OSES EPS S ESE TESTES ESSER RAE AE SS 


RLACCH, Gehe, VITALE, PAs, AND PENFART, R,C, KINETIC CUEING 
Ih STMLLATCU CARRIER APFROACHES:+, U.S, NAVAL TRAINING DeyICe 


CENTER» NAVTRADEVCED 14321, 1965+ 


» ABSTRACT * 
TWeELVe FYLATS, TEN TRAINED YN STATIC AND TWA YN DYNAMIC COCKPIYTS 
AFTER Ke tTNG INITIALLY MatTCheD IN DYNAMIC COCKPIT TASKS, 
FeRFARM ED CaRRigR LaNCING EXERCISES IN DYNAMIC COCKFIT (PITCH 
at? SeuL aCCelLeRaTIANS),. GRAUP TRAINED WITHOUT METION CLES 
Leet MARE VARTAPLE ANC LESS APPROPRIATE CONTREL INPUTS AND», JIN 
CercPal., PeRFARMEC LESS WELL, EXPERIENCED PILOT'S PERFERMANCE 
Sr TeRTSRATES IMMEDIATELY When CaCkPy]T MATIBN ClES ARE WITHDRAWN, 
ak Pacpg NAT TPPRAVE WIth PRACTICE IN STATIC SIMULATION, 


WERE UVERCTESTOCCSCCTCOOCSC OSCE R Ce TP TTT AAP TPT 2 SI 


RLS © Ke, CaP SaF 
FLIGh, StF CLapen Fifcurry ASSURANCE, PROCEEDINGS BF THE gTH 
ATFEC,/INCLSTRY CAKFERENCEs 18820 SOV 19756 
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* ABSTRACT #* 
TETS PakeR DISCLSSED THE PR@BLEMS FNCALATERED DURING TEST AND 
ACCEPTANCE OF TRE ADVANCED SIMULATAR FOR UNDERGRARUATS PILOT 
TRAIN ISG (ASLFT) AS SEEN BY THE AUTHOR, A Teaaz7 INSTRUCTOR PILOT, 


TET [TMPARTANCE AF LAG TIME ANDO CORRELATION BF THE VISUAL AND 
VETTAN CLES WAS EMPRKASIZED. AT THE Time SF THIS ie 
TEARGENR, CelayY FROM PILOy tNPLy 7A SY¥sreM BUTPUT FBR MO; 1eN WaS 
1000233 MS, ANC FOR the VISUAL IT WaS 108 MS, MOTION SYSTEM LAG 
ThEN iia Seis AS A phearagy Ela BF PyLey INPUT Pagieeer While 

rer vislal LaG ReMaINeD CONSTANT, ACCORDING 7 CaP RUsTIS 
SpeeSya7yONs, tee ResUlys BF phESE TIME DISCREPANCIES WERE 
SycekCat ROL OF FYILAT eee aSCyLLaTyIANs SRiode PaRrICULaRLy JN 
nell, TRE EFFECTS Were alse APPARENT IN FORMATION FLYING, 

FeE™ ayIGn F 1GFy, THe "OST PReCISe FLYING DONE IN The Te37'S WAS 
a lpyybe RAUGR, PILOTS CAULD N87 HOLD POSITION AS well aS sHey 
Collet pX aCplal FLIGHT. TN THE AUTHOR 1S BPINIONs teeeWE ARE 
“NLY ae ceeceo MILLISECONDS AWAY FROM SOLyING That PROBLEM, CUy 
tee baG 7tIME, aNO FORMATION FLYING WILL alS® svOBy7H BUr,: 


ah TNeeRe STING BBSERVATION WAS MADE WHed A PILOT (WhO HADNi Ty 
FLAwn CeLPy PeF6RE) WaS FLYING agRABaTICS SUCh aS a LOOP USING 
Mevran, TYPICALLY, IN Tre PULLBUT, HE aveERCANTROLLED ROLL 

an Tok, CyOhey Ger the CelLaYeO MATYEN Cle, THE BVERCENTROLLING 
wAS Ce CREASEC KY ABBLT SC%- 


oe oe wr PE RrePePCPTETCCOSCOCSTeEC eee ee Tee PPPS A Dh 


cACAFF, Me ThE EFFECTS BF LONGITUDINAL CONTROL eSYSTEM DYNAMICS 
Ph PILGy7 BFINTABN ahC RESPONSE ee AS DeTERMINED FROM 
FLIGe] TeSTS ANC FROM GROLND SIMULATOR STUDIES 

AME Re SeARCh CetTeR, tNATIBNAL AERBNAUTICS AND SPACE ADMINIS, 
TCATIGN MEMARAKCUM! 19°41 e58As BCTe 19586 


* ABSTRACT # 
Thr RESLLTS SF A FIyEDeBASE SIMULATOR STUDY BF ThE EFFECTS OF 
VéPLTABLE LGNGITLCINAL CONTROL=SYSTEM DYNAMICS ON PILOT OPINION 
ARe PReSeNTED AND COMPARED wiTh FLIGHT TEST CATAs THE CONTRELe 
CYSTE™ VARIABLES CANSIDEREO JN THIS INVESTIGATION detg § STICK 
FeRCe PER Cy, TIME CONSTANT, AND DEADBANS, ®R STABILIZER BREAKOUT 
FY%Ce. oN GENERAL ThE FAIRLY G6AD gts SE BETWEEN FLIGHT 
AN” SPVLLATOR F stCrs Far two PILers Og wero lee The vALIO[TY 
FE FIxsC BaSe SEMULATOR STUDIES WHICH ARE DESIGNED 18 COMPLEMENT 
a. SLEFLEMERT FLIGRT STUDIES ANC SERVE AS A GUIDE IN CanTRele 
Cyf7ew PRELIMINARY CESIGN, HO%EyER, IN THE INVESTIGATION OF 
Ce TAIN PROPLEM AREAS (£,G,, SENSITIVE CONTROL SYSTEM CONF IGURA® 
TIERS nSSOCIATED wITH PILOT.AINOLCED SSCILLATIONS IN FLIGFT), 
FrxeS tase SIMULATOR RESLLTS DIC NAT PREDICT The BCCURRENCE OF 
aX JREvaSILITY, ALTHBUGh THe PILOTS NOTED THE SYSTEM WAS 
exTReM, LY SENSITIVE ANC UNSATISFACTORY, IF IT IS DESIRED TO 
ERERICT CILOTSINOUCEDASSCILLATIAN TENDENCIES, TESTS IN MOVING. 
ace SIMULATARE MAY Be RECUTREr. 
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IT was FALAD FASETALE TA REPRESENT THE KUMAN PILOT BY A LIiWEAR 
FrLAy aNaLSG FAR The TRACKING TASK ASSUMED IN THE PRESENT STUDY. 
THE CRITFRIGN LSFO TS ACYLST TRE PILET ANALOG WAS TRE ROET=MEAN@ 
CGLARE TRACKING ERRAR OF ANE BF THE HUMAN PILOTS BN THE FIXED. 
PASE STMULATOA@Re MATCHING THE TRACKING ERROR BF THE PIL8T ANALOBG 
TR TREAT &F TRE KLMAN PILOT GAVE AN APPROXIMATION TS THE 
VARTATIAN SF FLMANePILOAT BEHAVISR BVER A RANGE GBF CBNTROL=SYSTEM 
CYNAMICS. 


RESLLTS AF TRE FILO TeANALSG STLDOY INDICATED THAT BATH FBR 
RETIMIZED CANTREL*SYSTEM CYNAMICS (FOR PBOR AIRPLANE DYNAMICS) 
Anf FRR A REGION BF GABC AIRPLANE DYNAMICS, THE PILOT RESPONSE 
CKARACTERISTICS ARE APPROXIMATELY THE SAME e 


FAR SAF PROBLEM AREA, WRERE PILOTeINDUCFD BSCILLATIO@NS WERE 
EXFERTERCEC IN FLIGHT, FILS T*ANALAG TRACKINGeRESPONSE CHARACTER} 
TSTICS INDICATED A VERY CRITICAL ADJUSTMENT OF GAIN (8R FORCE 
CAYMANCeN PER UNTT ERRBR) WAS ReGuIRED 76 avAll ElTHER POOR 
ReSFANSe BR INSTABILITY, WHILE THIS ACQJUSTMENT COULD Be MADE BY 
THE KLP aN PILOTS ON THE FIXeD.8ASE SIMULATESR, IT COULD NOT BE 
CaF;-0 werk IN FLIGHT APFARENTLY BeCaUSe BF ADyERSE MUTIEN. 

Fe eCPaCk EFFECTS. THESE RESULTS SUGGEST THAT PIL8T ANALOG 
TRACKING RESPONSE CKARACTERISTICS, wHICh EXHIBIT A CRITICAL 
CePPNCcNCe BN vARTATIONS IN prbOT.aNaL6G GAIN, MAY PROVILE A 
LoeFLL CRyTERyON FOR PREDICTING TENDENCT ES TOWARD PILOTeINDUCED 
9sCrlLLaTrONS IN FLIGHT. 


CC rrr rr eer reer rere eCePC EPC Cee ESE LAER RE SERPS RRR EER SSA RE ES 


SAPeFF, M. a S7UCY OF a PyLer's aBylITyY rs CeN\tRAL DURING S]MU. 
LATeC STABILITY AUGMENTATION SYSTEM FAILURES, NASA TECHNICAL 
NATE Ceys52s AMES RESEARCH CENTER, MOFFETT FIELDs CA, NOVe 196260 


* ABSTRACT * ‘ 
tke ReSLLTS PFeSehtel SkOW yHe EFFECTS BF FAILURE OF A STABILITY 
ALGPENTATION SYSTEM AN TRE PILETIS ABILITY 78 CENTRAL WhILe 
eXGaGro IN A SIME E TRACKING TASK, THe RESULTS SF FAILURES 
Sy"bbL are IN a FrxeD aNC MOVING.Cab CeNtRIFUGE SUGGEST THAT 
“AVING EackP yy FLyGky SyMULa7ORS PRevIDE A Mee Real ISTIC 
EVALUATION 8F tre TRANSIENT EFFECTS 8F STABILITY AUGMENTER 
FATLLRES, IN The PRESENT STUDY, SIMULATOR MOTIONS GENERALLY 
INTEPREREC WIth tke ABILITY OF THe PILOTS T6 ADAPT TO THE 
FaILlReS, A PeENCILeTYPe SIDE eARM CANTROLLER PROVED EASIER TE 
LEr TRAN A CAKVERTIBNAL CENTER STICK IN COPING WITH PITCH DaMpeR 
FAILURES AT The KIGHER SFORT.PERTOD FREGUENCIES, THe USE SF 
SqMEL, Fylay MaCeLS IN Tee ANALYSTS ANC PREDICTION GF THE 
TRANSIENT EFFeCrs AF STABILITY AUGMENTER FAILURES PROVIDED 
EXC@LKRAGTNGE RESULTS. 


CeMFag san BF PrILeT DMrKaL Scall IN STATIC AND CYNAMIC CENTRIFUGE 
I 


Sp™LLaTIAN BF LONGITUCINAL STABILITY ALGMENTER FAILURES WHILE 
PIL@rs FeRFARMING PITCH RACKING TASK, DYNAMIC RUNS CONDUCTED art 
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4 3 © @yaS TA FLIMINATE CISARIENTATION PRODUCED AT 1 G (BY 

cel kyBLE SLREE aXD Shay aCCeL BR aTIONS PaRTICULARLY), TwO PILGOys 
FEPCLCEC MOST GF zhe CATAe aRGleD (BUT NOT CenCLUSIvelLY DeMeN, 
CrP ates FREY Tre INCAMPLETELY PRESENTEC DATA) THAT MeTlen IS Ime 
FAR paKT SINCe T7 INCREASES BOTH THe TIME T& ADAPT AND THe 
MEAN.SGLARED EFRRAR DURING ADAPTATIAN, 


wre r rrr rr rrcrererrerrerEercrereeerceEPErCPSEPeLeRee eee EE ERASER RE SE SD] 


SATAFF, “. ANC FARPER, CoW. 'tPILetED FLIGHT SIMULaTAR RESEARCH? 
aA CRITICAL REvIEWte AEROSPACE ENGe 244 50°63» 19626 


* ABSTRACT * 
CITES STRFERWISE LAPLBLISRKED NASA AMES WARKe 


TRRee FILOTS TRYING TO CENTRSL SUPERSEATC TRANSPORT WITH ALL 
TaMEcRS [TN@PERATIVE AND AFTER ENGINE FAILURE, JN STATIC 
Sy*ULaTyAh, PyLSts OyD NOT KNO’ WHICH en aan M67Ty;ONS 78 
CahtRAL FIRST, aKC PERFORMED BACLY, IN AMES 6 OF SIMULATION, 
rebLbL (ant sway MaTIENS INDICATEC WHAT Te CantRet FIRST, AND 


FILATS FERFURMEC WELL. 


vs/STAL FIVER, bhITh ¢ DF yNS7TRUMENTS, Agile IN STATIC 
SyVUlL pak TU, FarRLY casY IN SIMUL p~y6R RKavING TTCH g~NO ROLL 


NYS AMICS. 


STAL Yaw ahD ghaY PReBLeM DUR] NG $0279 KNeTS ~PPRea~CH AND 
LaSCiNG, CiSa~GRepMeNy IN PyLOT OPINION BETWEEN Syaric SIMULATOR 
SplUC tes atl FLyGRy INveSTIGATION i Sg oe Ue TH ReSpRiCT_eED 
vISTeR tN SIMULATOR, NOy TO aBSENCe BF MOTION, 


wR rrr rerrePEPVErTTSTC SEC ECC CRSP PPS eee TST ETT RAS PCCP 


SACAFF, My MCFADCEN, NM, AND HEINLE, DR. 1A STUDY OF LONGI eo 
TLTINAL CONTROL PROBLEMS AT LOW AND NEGATIVE CAMPING AND STAe 
PILITY WITk EMFRASTS BON EFFECTS SF MOTION CUESt, NASA TN DH348y 
19& 4.6 


* ABSTRACT * 
IC@MeLere GR SEURIOLS veriek CUS aS MIGHT ARISE IN SOME FORMS 
AF SIMULATION INCLUCING CeNTRITUGES, ARe IMP8RTANT BNLY FOR 
hYGe FRegkeNCy LIGHTLY CaMPeO CYnaMyCs, 


CeMFaARISAN BF 6 PILOTS! OPINISNS BF LONGITUDINAL DYNAMICS FROM 
SrlLOTeS IN StaTIC SIMULATOR, DYNAMIC (PITCH AND ROLL) SIMULATOR, 
CeS7RIFLGE (RATATABLE GONCOLA) SIMULATOR, AND vARIABLE STABILITY 
ATSCPAFT, CENTRIFUGE RLAS CBNDUCTED AT A 3 G BIAS TE ELIMINATE 
eTS@ETENTATIBN PRODLCED AT 1 G (BY SPURISUS SURGE AND SWAY 
ACCELERATIONS PaRTICLLARLY), CATA FROM ALL FOUR SITUATIENS IN 
FATRLY GA6L GeheRaL AGREEMENT. INCOMPLETE BR SPURTOUS MOTIAN 
CleS (SpaTIC ANC CeNTRIFLGe SIMULATIONS) IMPORTANT ONLY FAR HIGH 
FEegGlehCy, |LIGhTLY DAMPED DyNAMICS, Data FRAM PITCK AND ROLL 
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SI“LLATBR (ACCURATE ANGLLAR ACCELEFATIGN CUES) CGMPARED MeST 
FAVBRAPLY wITh FLIGHT CENTRIFUGE (ACCURATE NORMAL LINEAR, BUT 
INACCLRATE LENGITLDINAL LINEAR AND PITCRK ANGULAR ACCELERATIAN 
CLES) Gave RISE Te PBBRER PILST SPINION THAN FLIGHT. 


TERRES ERCRERIAA ESP ES ESE OLE SSS Cee TCS CS PP eS eee ee ce eee eee ee TY 


STe VBKN, Eo = APPARATUS FOR USE IN TEACHING AND TRAINING AVI Am 
TARS PATEKT NO@*2 273697418 
FILED AFRIL 24, 1943 GRANTEC FEBe 134 1945 


N@ ARSTRACT 
TERROR SCEPC EE SEES ELEC SO ALES ET eee PP ee eee eee eee es 2 


SCKALMPERGs GeFe AND HEAPYs Rede EVALUATION 6F AN AIRSEAR AS A 
Lityrec COCKFIT MATION SYSTEM. MCCONNELL -D8LGLAS CORPERATION 
CoLGLas AIRCRAFT COMPANY, gg5s5 LaKEWOBE BLVD, LONG BEACH, Calf. 
FAFNIA §$CBC1e UsSeAe MCC JwoQ71s 1969-6 


*# ABSTRACT # 
EGLIFWENT 
tHe CyNaSEAT AS USED IN THIS EXPERIMENT IS DeSIGNED 76 PRODUCE A 
SeXcay]ON BF MGyy6N BY COMPUyER.CaN TROLLED aIR INFLATION BF a 
CAME T’eNtAL Seat AND BACK Est ien! tHE Seat WAS FItTTeEC IN A 
COeg Fixe0 BASE tALL WEATRER LANDING! SIMULATER, 


SUPLECTS 
FALRF Cleo TEST PILOTS TEBK PART. 


METKED 

i ALTRSRS IXveSTIGATED THe erP ety SF THe DYNASEAT GN SIMULATOR 
Freelyrty aND_Fylay Per OF Ens CURING ~PPR@~ACH a~ND LaNDING Se. 
clghtes UNDER val iGUs ERVINBRUENTAD SORDITTSNGs THESE ENvel Bee 
Th” Seay CAND 7TBKS , SEAT OPE ATIVE AND SEAT Dace ATIVE, TWO 
wyKC FeNOT TIONS « NO WIKD AND A FOURTEEN KNO_7 CROSS WIND, AND 
THREE tURAbLeNCe CONDyTIOBNS . NB TURB nee LIGHT TURBULENC 

ANC PRC ERATE rUReuLen e AFTER THRee P cL TAINARY TRIALS, ¢AaCH 
Frley wFL ews g¢ APPROa~Cr AND CAND RUNS PRESENTED IN A RANDOM 
PLACK CesIGN, Tre CEPENCENT VARIABLES, RECORDED FROM THE BEGINS 
NING BF EACH RUN pi a TOUCHDA MN WERE 

(A) tke INTEGRAL OF THe aBsellte teRRER« BF RELL C@MMAND, ANO 
(P) gee TNpEGRaL OF THe aBsalLYTE "ERROR! OF PL_CH COMMAND. 

The OpPenDeNT vART ABLES RegaROel at TALCHDEWN wWeRE; 

te SINK RATE IN FeeTsSECBND 

ee FITC ANGLE IN CEGREES. 

ge ROLL ANGLE JN DEGREES» 

we PITCH Rate IN DEGREES/SECBNC, 

&, ‘6Ll RATE IN DEGREFS/SFEOND. 

ée LONGITUDINAL TO PAINT, AND 

7, LATERAL TC POINT. 

IN ACCT TTON EaACk SUBUECy COMPLETED A GUESTIGNNAIRE, PERFORMANCE 
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MEASLRES WERE EXAMINED LEING A SUBJECTS X SEAT X WIND X TURBUS 
LENCE SEFLICATEC ANALYSES AF VARIANCE TESTe 


FONCLUSTAN 

THE SUBCUPCTIVE ANC @BYECTIVE RESULTS INDICATED THAT THE DYNASEAT 
m]> N@T ENFANCE APPROACr AND TOUCKDBWN PIL@T PERFERMANCE NGR DID 
TT afl REALIS” TA THE SIMULATIANS 


oP Ree eee eee eee PEST RE ee PRPC CPSP PPP PRCT PRR Ee Pee ee 


SCKELENRNes AeEe,y A STULY BF THE CYNAMIC RESPONSE CHARACTERISTICS 
SE FLIGHT SIMLLATORS» WRIGHT@PATTERSBN AFB, BRIO: WRIGHT AIR 
Ne VELEPMENT CENTER, AIR RESEARCH AND DevELOPMENT CA@MMAND, TECH. 
‘1CalL SEFBRT GGeGga, APRIL 19596 


* ABSTRACT #* 
TEF ABILITY SF A FLIGRT SIMULATOR T8 SOLVE THE CHARACTERISTIC 
FLIGHT EGLATIBNS BF AN AIRCRAFT IS DEPENDENT UPON THe DYNAMyC 
sAC SMALL MOTIFN PERFORMANCE BF THe MECHANICAL, gLECTRONTC AND 
op Syh cleMeNTS BF The SIMULATOR CaMPUTER, ONE AC ANALBG 
ell ,Tae aNl Ate PC a~NalOG SIMUL a~TOR weRe TESTED FOR SMaLL 
aML Teh LANGITUCINAL CYNAMIC ReSPANSe UTILIZING PULSE, RAMP, 
STEB, CINUSPICAL ANC SGLARE wAVe INPUTS, THe PURPOSE SF THe 
TeSTS was TO CeteRMINE AND aNalYze The AvEReALL DYNAMIC 
PEEP GRMANKCE AND The COMPANENT PERFARMANCE BF The AC AND OC 
analyg SIMLLATURS AND FROM tHe RESULTS BF The TESTING, PREPARE A 
SF; CTFICATION ¢STABLISHING ReQuIRemMeNTS, TESTS AND TOLERANCES 
Fak RynaMIC ResP9nse OF FUTURE FLIGHT cyMULATORS. 


TRIS FeFART CA8NTAINS AN ANALYSIS OF THe DYNAMIC PERFORMANCE 6F 
tke CO8MELTERS atD yaARIOUS CamMp8NeNTS UTILIZED IN THe SIMULATORS 
TeSt¢C, REPRESENTATIVE COPIES BF SSCILLEGRAPh RECORDS TAKEN AT 
The SIMULATORS, SkOWING COMPUTER RESPONSE TE ThE VARIGUS INPUTS 
ARE INCLUCED, ReEGlIREMENTS, TESTS AND TOLERANCES UTILIZED IN 
PPoPaRATION AF Tre SPECIFICATION ARE PRESENTED AND DISCUSSED IN 
ThE REPART. 


VErerrrrrercerrrererrrreercerrereereertereeece SESE PERE LEELA LEA A eT 8 


SCKMIC, ReMe SYSTEMS ANALYSIS SF THE veESTIBULGs8CULAR SYSTEM, 
‘FTF TR SyMESSILY Bh The ROLe OF THe VESTIBULAR ORGANS IN SPACE 
rKELORATIGONG, ReELC AT The NAVAL AEROSPACE MEDICAL RESEARCH LABys 
FENSACALA» Fles ALGe 49"24% 497C* PUBLISHED AS NASA SP#314, 
NATIPRAL AERANALTICS ANC SPACE ACMINISTRATION, wASHe, DeCe, 


13" ge 


* ABSTRACT *# 
TEE VESTIELLSAACLULAR SYSTEM IS EXAMINED FROM THE STANDPOINT 6F 
CYS7er TREGRY,. The EVELUTIAN SF A MATREMATICAL MODEL, SF THe 
Up TTELLAZTCULAR SYSTEM IN aN ATTEMPT 78 MATCH MORE AND MORE 
cxPee yep hn Tal Cata 1S FOLLO4,D STEP BY STEP. ThE FINAL MODEL 


is 


caAPL APs MANY ChARACTERIGTICS PF THe EYe MOVEMENT IN VESTIBUS 
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LARLY INCLCED NYSTAGMUSe THE ANALYSIS SF ThE DYNAMIC BERAVIOAR 
RE The MACEL AT TEE OIFFERENT STAGFS OF ITS DEVELBPMENT IS [Le 
LUSTRFATED IN TIME CA@MAINs, MAINLY IN A QUALITATIVE WAYe 


Cre rTCrrer rere rrrr rrr ee ere PT CCAP eee Phe eee ek RAP PP 


SCKMICTs, SeFe AND CANRAC, Be 
MATIAK CRIVE SIGNALS FOR PILOTEC FLIGHT SIMULATORS. 

ANALYTICAL MECHANICS ASSOCIATES INCe PALG ALTO, CAs FER AMES 
RESE4RCk CENTER, NASA CONTRACTOR REPORT. NASA CRel601, MAY 1970 


* ABSTRACT #* 

AN TMPARTANT ASFECT OF MANY PIL9OTED FLIGHT SIMULATORS IS THEIR 
APTLITY TO PROAVICE REALISTIC MBtreN CUES. SINCE SUCH SIMUL aTARS 
ARE CAtsSTRAINED TA MOVE WITHIN The CONFINES BF TRETR MECHANICAL 
DRIVE SYSTEMS, THEY CANNOT DUPLICATE ALL THE MOTIGNS (AND HENCE 
ALL ThE MOTIAN CUES) ASSOCIATED WITH A REAL ATRCRAFT. IN ORDER 
TP LSe TREE LIMITED MATION CAPABILITIES OF A SIMULATOR EFFECTIVE} 
LY IT IS THUS NECESSARY TS 


ca) CeTeRMINEG WeTChk MOTION CUgS ARE IMPARTANT 78 A PILOT; 
(P) SYNrrESIZe LIGIC FSR COMMANCING M67 ON ACHIEVABLE BY THe 
mRIve SYSTEM AKC REALISTIC TA A PILOT» 


TRIS ReERART SLMMARTZES A MATHEMATICAL APPROACH TO THIS PROBLEM 
AND PReSeNTS LOGIC See eeRe FOR THE AMES ALLeAXIS MO7ION 
GERERATER. Park the THEORY DevelarpeD aND THe LOGIC PRESENTED 
SFAULC Be APPLICABLE TE A NIDE VARIETY 8F MOTION SIMULATION 


FRSBLEMSe 


errr rvrrererrrrrerrrrereoc:ceorveerer rece Ce PeSS Ieee e LASS ALAS ESR SESE 8 


SCRMICT, SeFe aNC CANRAC, B, tA STUDY BF TECHNIQUES FOR CaLCULa~ 
TING M971ON CRiye SIGNALS FBR FLIGHT STMULATORS:. REPORT NO, 
74°2R» ANALYTICAL MECHANICS ASSOCIATES INCos JULY 19716 (AVATi® 
ABLE AS NASA CRo114345) 


* ABSTRACT * 
THE PEGECTIVES SF Tre STUDY EFFORT DESCRIBED JN THIS REPORT WERE 


AS FALLBwS: 

+, CeVEL@F AN EXPERIMENTAL TEST PLAN USING ThE FGRMATIONSFLYING 
TASK FOR The VALIDATION AND REFINEMENT BF THE waSHOUT CIRCUITS 
CeSCPTBeD IN REFERENCE g6 THE DETAILS BF THIS PLAN ARE GIVEN IN 
SECTIEN Qe 

a. EXECUTE Tee TeST PLAN IN CBNJUNCTIBN WITH NASA SCIENTISTS 


ANC TeSt PILOTS SN tHE AmES SIMULATION FACILITIES. SOmeE OF THE 
exEcREPeNTAL RESULTS BBT A TNeD IN THESE rests ARe GlyeN IN 


SECTIAN 3 
a, ANALYZE The EXPERIMENTAL DATA IN CONGUNCTIGON WITH NASA 
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SCTENTISTSs LSING PILOT MODEL IDENTIFICATION METHODS, DIFF ICULe 
TIFS ENCALATEREC WITH TRESE PROCEDURES aRe GIVEN IN SECTION 4, 
ALANG wITe A FEW PRELIMINARY RESULTSe 


4e CeveLOF FakrRah Ty waSkely PReGRaMS FAR pig ot Vd ON TH 
AMES &44eAXIS STMLLATOR, TWO SUCH PROGRAMS aRe VES nieer IN THe 
AFFEADOTx, SECTION 5 DESCRIRES The USE OF THESE CIRCUITS, 


PACUMERGING The EXPERIENCE BOTAINED MITh THe APPLICATION OF” 
baSkPUy CIRCLITS 76 BPERATIONAL SIMULATIONS, THIS LOG IS 
FFEEENTEM IN SECTION Ge 


WEPPPUEPPTERETUCRPCEPCTICOCSCSCCECSCSCO RPS SCE ee TT EET A ETT Ey 


SCRKhETAFURTH, Re AND SCREMIDTLEIN, He REPORT OF THe DGLR SYMPQe 
oylh FuIgrT ‘pecs IE Ab SUE ARISN - 8\ THe GROUND @R IN fH 
AT% + hell at OLSSeLDBRF ON DEC, y, 4970+ GERMAN AIR AND SBacee 
FELTGrkT REFART 7Cs2gs MAY 149742 TRANSLATED BY THE FOREIGN TECHe 
naLAcy CYVISION, wRIGHT.PATTERSON ~aFB, BHIB, aS RePeRy FrO.wHC. 
23°1583°729 9 ult 1973¢ 


* ABSTRACT *# 
TRIS REPORT IS A COMPILATION OF NINE GERMAN PaPERS CONGERNING 
FLICh7 STMULATIAON, THE TOPICS INCLUDE vISUAL SIMULATION, Fixed 
AKC MAYVINGeBASE SIMULATION, INeFLIGHT SIMULATION, AND THE 
EVALLATIAN ANG EFFECTIVENESS BF SIMULATION, 


CONTEATSS 

lGp OF FLIgky S{MULATORS WI HOU yISUAL AND MBTION IMPRESSIONS 
“Fo the PyLet (R, SCHWEINFURTH) 3 

Tee INFLUgNCe BF MOTION [MPRESSIBNS ON PILOTING ERRORS IN 
StvLLatch® ILS APPROACHES (R, ERDMANN AND R, DIERKE); 


the gFFeCTiveheSS OF A FLIGHT SIMULAT6R FOR SpECIAL MISSTENS 
(keh. FRANKE AND Pe SEPF)3 


FLIGHT MeCRANICaL TAKEGFF AND LANDING INVEST IGA I6NS GF a VOL 
ATFCRaFy USING yART@US CONTROL SYSTEMS DURING HOVERING FLIGHT 
(Fe “BLAR ANn Gg. SCKNEIPER), 


FLIgky MeChaNICAL SIMULATION FROM THe USERS! pBINT OF view 
(kK, FRIEDRICH); 


FVaLLaTIAN OF FRee FLIGHT SIMULATIGNS WITH A ep eer ee HAVING A 
VAR TABLE STABILITY AND CONTROLLABILITY WITH APPLICATIONS 78 
alT*CRaFr CeStcs (kr, SCRMIDTLEIN); 


Ce\yRYBL TIONS 7B The SIMULATION RaNGe aND PaRaMeETER SENSITIVITY 
FE ATREORNe STMLLATORS (B. UHRMEISTER); 
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TRE aTRBARNE SIMULATOR FFB 320 HANSA PRESENT CONOITIENS AND 
FLAKES (Ac PIETRASS)3 


V/STAL TECKNSLEGY AS AN AFPLICATIAN FOR ATRBORKE SIMULATION 
(Ke GANIK) « 


PWwRPC PESTER LESCESC ECCS eC E SESE PCPA RCRA PP 2 2 


SCKMFEIZERs Ge FILET BEFAVIER IN VTBL AIRCRAFTe NORTH ATLAN@ 
TIC TREATY ORGANIZATION 'ADVISURY GROUP FAR AERESPACE RESEARCH 
ANC CEVELOPMENT FEPORT S21'y BCTe 1965- 


* ABSTRACT * 
INFA@RMATION ABBLT THE HAKCLING QUALITIES BF NEW AERGPLANES WHICH 
ARE IN TRE DEVELOPMENT STAGE IS VERY IMPORTANT,» SINCE THE 
CANTREL SYSTEM, TRE AUTOSTABILISER AND PART GF THE avIBNICS 
SYSTEM APE STRONGLY INFLUENCED BY THE FaNDLING QUALITIES OF THE 
ATFCRaAFT, SINCE Tre PILOT 1S NEARLY ALWAYS INCLUDED IN THE 
CatyrRelL LeBP FaR GUIDANCE AND STABILITY, IT IS DIFFICULT 78 
BATAIN BPVECTIVE, GUANTITATIVE INFSRMATION ABOALT THe HANDLING 
GUALITIESe IN Tre CaURSe SF THe DS 3, DEvVELEPMENT PROGRAMME, 
MANY FUYGRT TesTS heRE CaRRyeD BUT WITH a HOVERING RIG Te 
INVESTIGATE Tre HANDLING GUALITIES SF The AERGPLANE, THe MAIN 
AIM Pe TRE FLIGHT TESTS WAS TS OBTAIN GEUECTIVE INFORMATION IN 
ACCITLIGN T8 Tee SLBJECTIVE OPINION GF Tee PILOT. THe AMPLITUDE 
C1STRIBLTION FUACTIANS FAR CANTREL MOMENTS AND THe PBWER SPECTRA 
RF the CANTRAL CeFL_ECTIGNS Have PRAVED 7S Be IMPORTANT AIDS, 
TEST Rus, TN WeYECH THE EXPECTED FLIGHT CONDITIONS weRe 
SIMLLareC BN aA SMALL KAyERING RIG, WERE SF GREAT USE, (AUTHOR) 


POU VETO TEREST CTOOCTOCCOS SSE CASE ESE P TT PP PC AS DO 


SEAYs Ceo Le 

S]MULaTeR PeRFARMg~NCe ValiDazyON aND rvPReveMeNtT THROUGH 
RE CBRCEC CATA. 

ATAA pApER NB, 732538 


* ABSTRACT * 
EURING he Devel SPreNy SF TWeISeOMENT ~PPRB~ACH PROCEDURES 
INSTRUMENTATION SYSTEMS WERE INSTALLED BN A 727 FLIGHT SIMULATOR 
78 wSNITAR aA VARIETY SF FLIGHT PARAMETERS, PaARAMeTERS MONITORED 
ANC Para FORMay beRe CeSiGNeO TS Be THe SAME aS THOSE TO BE 
Usel pS LateR FLIGHT TESTS WITH LING AIRCRAFT, GOOD CORRELATION 
exIS7¢0 PeT mee’ S]MULATOR AND AIRCRAFT DATA IN MANY AREAS, 
ERevrBUSLY IOenyIF Ie AREAS BF POOR SIMULATION WERE CHECKED Wirth 
GLAnTITATI VE Cata, ThE OBVECTI VE DATA abt COULD Be USED 
eR shu arson rhe Rover ENTS IN AReaS PRevyOUslY ChanG_eD 
PriMakRILY “Y LS NG Sl deciiy CATA BeTAINED FROM FILOTS. AREAS 
wheRe SIMILAR 7eChN1GleS COULD IMPRAVE SI 
IDFNTIFIECe 


ULATION WeRE 


POU PROUT OCTET OSECCCOCLC CASS CORTESE LSPA EEE SET ESA SSR SO 
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SECKEL, Fes BALL, TeAeMey MCRUERy DeTe AND WEIR, Dette 'HUMAN 
Frlgr CYsaMIC FeSPAASE IN FLIGHT AND S]MULATOR'«. WRIGHT AIR 
TF VELSPMENT CENTER TRe57e«&S20, 1958+ 


* ABSTRACT # 
SeSLLTS AF AN EFFORT re CETERMING DIFFERENCES IN PILOT TRACKING 
EphaVIGR IN FLIGHT AND JN A FLIGHT SIMULATOR aRe PResenyeD. TH 
EXE SINT waS Ces 1GNg0 7 eSTiIMate THe QUaS1ALYNeaR BeeERipyNoe 
FUNC yas aNC LyNeaR CORReLaTIONS OF SeveRal PLOTS WHEN ENGAGED 
Ts LageRal aNC LORGITUOINAL TRACKING TASKS, 


SrarrspICal aNalYSes OF DeSCRYING FUNCTION gNC LINegR CORReL 
TI7n CATA REVEALEC! (1) INDIVICLAL PHASE ANGLE, AMPL 1 TUDE RaTis, 
ANT LyNgak ORRELATION CaTA W Re acPRoxiMareby NORMALLY DyS7Ry, 
seh 4 aly TeeTR MEANS; (2) Sy KrF rCany OLFFERENCES IN tHe MeaN 
valCcg @F Prletrs CesCRBING FUNCTIONS weR NB TED 6R PHas 

aNGLe aN aMPLy7UCEe Rare IN LONG] FUDAN gL FLiche, AND FOR PR aSe 
ANGLE IN LATERAL FLIGHT; ( SIGNIF;Cany DIFFERENCES IN LINEAR 
CaRRELay TONS Er TMeEN FLiGhs ano {MUL ATOR WERE Rere 3 = 
(4) STENTFICANT CYPFERENCES WeRe NOrED IN THe vaRITANCeS FOR 
LateFal aMPLiqlCe Rati aD LateRal aNO LONGJ7UOINAL PHASE, BUT 
hop FgR LenGrylCqnal alee Tree Rar te @R LateRa~al aND L@NGY Gopal 
LyNeaR CARReLa~TIANS: (5) THe ES Lrs IMPGIE THAT THE PILOTIS 
cFFECyIVe ReactiAn yIMe DelaY *aS LONGER IN FLIGHT 4 D that Hys 
GAIN wAS LIWER. 


TwESePePTCTCRRSCEECETOCSCECOOSOCE ECC ESE PERCE eS CSTE TEE TTT 


cele SERAFIN « SIMULATED AIRCRAFT 
FATENT NBe 22696078 
FILED JULY B7e 5363" GRANTED NBVye 30% 1954 


NG APSTRACT 
TwRP EMEP TERRESTSEPVELCESERSES ITU CEPT CEC Eee T STREET ETT TT 


TGRO. weae ANC CALGFERTYs Oyu. CONTACT ANALOG SIMULATOR EvalUac 
TITANS: HOVERING AND AIR TAXI MANEUVERS, VANATIR ty@INT ARMye 
NAVY AIRCRAFT een abeee RESEARCH REPGRT!1 D22Ba421200166 
Peel reELTCAPTER CB. FOR OFFICE SF NAVAL RESEARCKs JULY 1963. 


* ABSTRACT # 
FALR SLEVECTS weRe REGUIRED Te PERFORM THREE BASIC FLIGHT 
VANFLYERS IN THE BELL HELICOPTER COMPAKY DYNAMIC SJMULATEGRe 
TkeSe MANELVERS wWeRe PRESENTED AT VARI@US ASSIGNED FLIGHT 
CANCTT7ISSS FSR FALR BASIC CONFIGURATIONS OF TRE JANAIR VERTICAL 
TISFLAY, The THREE MANEL VERS WERES (4) HOVERING, (2) TAKESFF, 
heVer AND TAUCKCAWA, ANC (3) TAKE@FFs AIR TAx! AND TEUCHOEWN, 


Tee CYSAMIC PLATFORM USEC WAS A HYDRAULTCALLY ACTUATED, SERVS. 
CPNTRALL EC SYSTEM CaP aBLe 8F RESPONDING WITH SIX DEGREES OF 
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FREERem. THE PLATFA@RM LIMITS 9F TRAVEL FOR TRE THREE ANGULAR 
MATIANS INCLLOECS 10 DEGREES OF PITCH, RALL ANC YAWe MAXIMUM 
ACCELERATIAN WAS 4C DEGREES PER SECAND SGUARED FOR YAWe THE 
TRANSLATIONAL MOTIONS ALONG THE LONGITUDINAL ANC LATERAL AXES 
agRE USEC PRIMARILY AS COMPENSATORY M@TIANS TE REFREDUCE PITCH 
ANT Yaw RESPANSES WITH GREATER FIDELITY. VERTICAL MOTIEN WAS 
TRE AKLY TRANSLATIONAL MATION “RICK WAS DYNAMICALLY SIMULATED. 
TRE LIMITS OF TRAVEL WERE + SR © 30e5 FEET» WITR A MAXIMUM 
ACCELERATION OF 605 FEET PER SFECAND SQUAREDe THE PLATFORM IS 
RESCRYIPEC IN CETAIL BY WILLIS (196C, 1562) AND FEDDERSEN (1962)6¢ 
MATIPK EGLATIONS FAR HOVERING EXPERIMENT ARE PRESENTED BY 
FACKLER (1960)e 


Tare rerereC CSO CECCPECE SOLOS EPEC RSE RRR SERS SASS ERCP SL SS ES | 


SHTRACKI], DCeKe ANC SHIRLEY, ReSe THE EFFECT SF A VISUAL/MOTIBN 
CISFLAY MISMATCRK IN A SINGLE AXIS COMPENSATORY TASKe NATIONAL 
AERANALTICS & SFACE ADMINISTRATION, AMES RESFARCF CENTER, 
REFART NASA CRe29232 BCTe 19778 


* ABSTRACT * 

AN EXPERIMENT IS PERFORMED 78 DeteRMING The EFFECT OF A PERFER. 
MaNCe MISMATCh BeTheeN ie Bi ait AND PO@TISN DISPLAY SYSTEMS BN 
A Realetive FrlereD aIRCRaF SIMULaTyIAN (USUpLLY MG7]ON DISLaYS 
xKTByT MORE FASE LAG TRAN vISLAL DISPLAYS), PILOTS PEEFeRn A ." 
FAMEENSATERY ROLL TRACKING 7tASK WITH DYNAMICS TYPICAL OF MeDIUM 
cET TRANSPORTS, BETHEEN O AND 1¢ RAD/SEC, VISUAL AND MOTION SyS, 
TE” RESPONSES ARE EGUIVALENT T9 EITHER UNITY BR A FIRST GROER 
LaG at 48 RACsSeC. FILET TESCRIBING FUNCTIBNS AND ERROR SCBRES 
ARE CALCLLATEC. RESLLTS SHAW THAT THE MISMATCH BETwEEN VISUAL 
AKC wA7IAN OISPLAY SYSTEMS HAS KO SIGNIFICANT EFFECT; RATHER, IT 
1S The aBSeNCe @F byGH FREGUENCY VySUal ANO/OR MOTION CUES WhYyCH 
SIGNIFICANTLY AFFECTS PILOT PERFORMANCE, 


PEP TPEPCTCEOLELCECCOCCOCS CSET CREE EES ER ESAS TER EATER SESE SE OE 


GHTIRLEY, ReSe AND JONES» AsDe SAFES SIX AXIS FREGUENCY EVALUAe 
TZOR BF’ A MSTJEN SIMULATOR CAMPLTER SCIENCES CORPORATION, MBUN. 
TAIN yIek, CALIF Ag 1A. ATAA yvISUAL AND MOTION SIMULATIBN CON, 
FERENCE, PAL@ ALTA, CALIF. SEPTEMBER 15 © 12s 1973» PAPER NOe 


73°S32 L 73°666°49 


* ABSTRACT * 
SaFe 13 a LIGTTaL C@MPUTER PRAGRAM USEC TH CHECK THe RESPONSE OF 
AN ATRCRAFT MOTIBN SIMbLATOR, Safe DRiveS EACr AXIS OF THE 
SIMULATOR NEAR ITS ACCELERATION, veELOCITY AND POSITION LIMITS, 
RECARCIAG THe syMULaTeR MAryeNS FeR COMPARISON nee NOM T Nal 
RESFPNSES. SaFe alse OR IVES UP 76 SIx AXES ‘n ONCE TO MEASURE 
T E ACh 


F FReGleNCY ResP6NS_e aNC NOISP Levels 8 AXIS, TOGETHER 
TeeSe The MEASUREMENTS FRAVIDE A SENSITIVE CHECK OF THE ENTIRE . 
MATIAN SYSTEM, YeT THEY CAN Be COMPLETED IN LESS THAN TEN ) 
MINUTES. 
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SHIRLEY, ReSe AND YOUNG, L.R. MOTION CUES JN MaANeVEHICLE Cen. 
TRPL, IN FOURTR ahnUal NaSAeUNIVERSITY CON pa 0p BN MaNUaL 
Catal, UNrveRsy7Y 6F MyCHyGal-, ANN ARBOR, TERIGAN, MaRCH 
21°230 1968+ NASA DOCUMEAT SP#1926 


« ABSTRACT # 
tke BLMaS GF eh aan tg USe OF RELL LANGULAR.MOTION Cugs IN MaN, 
veFICLe CONTROL 1S INVESTIGATED. EXTENSIVE Cata FOR THe HUMAN 
SpeRazeR eS DOeSCRIBING FUNCTTON AND REMNANT ARE TAKEN FOR A WIDE 
RaNGe AF veHTCle CYNaMICS UNDeR C@NDITIONS OF vISUaL CUES ONLY, 
ROLL IMGTZIEN Cles BALY, aND SIMULTANEOUS vySUaAL AND ROLL MOTION 
CLES. aCCITISN BF ROLL MByzZON CleS TO yISUAL CUES PERMITS THe 
bLM aN @PeRATAR 78 INCReaSe HIS PRASe Lead AT FREQUENCIES ae 
Fr FalySe o TheREey ALLOnING FIGrER GAIN AND CROSS6yvER FREQUEN Y 
AN? RECLCEC TRACKING ERROR. 


SHEER EMRE EERO OEE SHEE H HEHEHE HEHEHE EHHSE HEHEHE EE OE ES 


SRIWALTERs Tete AND MILLER» Reve GeSEAT SYSTEM STEP anti AND 
STNUSOICAL RESFANSE CHARACTERISTICS, NASA AMES RESEARCH CENTER, 
meFFerr FIELC, CALIFORNIA, NASA TMe78478 JUNE 19786 


* ABSTRACT @# 
THE STEP INPLT ANC ig debe CE SPONSE chaacreniaress vs A 
FrELMaATICALLY CrRyven CO TeR CONTRALLED SeaT WERE EXAMIN N 
TRIS STLOY, The i ER ake OAc A SkOw shat THIS SYSTEM CAN B feo! 
eLrl aS a FIRST BROER SYStemM WITH AN O,9@ SEC, TIME LAG AND A 
coS53 SFce TIME CONSTANT, 


Per re rer errerrePEPECPELITC CSCC SCC CLES Tee TET Th OD 


S]“FSS‘, R.G. AND CBREN, E. 

LINK CIyISIB8N,;SINGER COMPANY, BINGHAMTON, NEW YORK, FUTURE 
LNTERGRARLATE FILOT TRAINING (LPT) SYSTEM STUDY, PHASE I]. 
SUMMARY REP9RT. REPORT NBe LR 2391a°2 SEPTEMBER 1970¢ 


° ABSTRACT * 
Ctx WepORTE AR, INCLUDEC IN T VOLUME, THE SE RepORTS 
CACLM, ST Re Se aRCK CANCUCTED ve fev ae AN ASSESSMENT OF 
s1 LLATIAN ReGlIReMeNTS AND i ee REQUIRED TO AID IN 
BETIS OaneTee ae iRey Gee citeSabae te Luteentae 
c ACh ST WAS TB; E 
CURRENT sTate SF ThE ART TECHNELSGY) PROVECT pind | 6F .* ART 
TrFRA ye vy! T6 TRE 1975°1990 TIME FRAME, AND RECOMMEN 
CP.CEETS, SYSTEMS 6R DEVICES F9R COySIDERATIOn IN FUTURE UPT 
CANCICATe SYSTEMS, : 


POU PUPP PULECPETECOCCOCCOCC CET REET eT TT heh 
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SINACBR], wee V/STOL GROUNDSHASED SIMULATION TECHNIQUES. PREe 
FATED BY NSRTRRAF CHRP eo, AGRAI® CIVISIGNs HAWTHORNE, CA FOR UeSe 
AR™Y AVIATION MATERIAL LABORATSRIES, FORT EUSTISs VIRGINIA, 
'USAAVLARS TECKNICAL REFORT# 67°55» NAVe 19676 


* ABSTRACT * 
aA STLOY @F VARISLS KINDS BF SIMULATORS HAS BEEN MADE TS 
CE TERMIAF THEIR CAPARILITY TA PRODUCE CATA REPRESENTATIVE OF 
VISLAL FLIGHT. FeLP SIMLLATIANS BF A QYET@LIFT V/STOL AIRCRAFT 
wERE COANLCTEC LSING THE SAME PILOA@Te CBNTRBL CHARACTERISTICS 
anC A4TRFRAME PARAMETERS WERE MAINTAINED CONSTANT (AS CLOSELY as 
FOSSIBLE)s ANC THE SAME TASKS WERE USEC BY THe PILOT IN EACH 
EVALLATIA@Ne The RESULTING DATA WERE OBMPARED wITh FLIGHT 
FeSLL7S FROM The SAME AIRCRaFTe The SI]MULATSR USED DIFFERENT 
CISFLAYS, MOTIGN MODES, AND Ewa hun OT atieS AND THE ReSULTS aRe 
ErsClsseh IN THe LIGHT OF THe CraRaCTeR STICS BF EACH SIMULATOR, 


TRE RESLLTS SkOn CLEARLY THaT IN ORDER TO PREDLCE QUANTITATIVE ) 
CaTa FeFRESENTATIVE OF FLIGHT RESULTS, rHe DJSPLAY MUST Have A 
GLALTTY LEVEL COMPATIBLE WITH The TASK BEING PERFORMED, SPECIF I~ 
CaLLy, A PRECIST@N HOVERING TASK REQUIRES A HIGr RESOLUTION 
CySFlLay, wWeIbe a peanseéTgeN (GR TRANSITION TASK) CaN BE 
FERFARMED WITR a DISPLAY BF MUCH LESS RESBLUTIONe THE DISPLAY . 
CAaNreNT 1S IMPORTANT, PARTICULARLY FOR Tre PRECISISN HOVERING 
TASK WeERE HETGRT HBLOING IS ReGkyP_ed, FOR FLIGHT SIMULATION BF *) | 
LaRGe TRANSLATIONAL MOVEMENTS, COCKPIT MBTIGN OID NOT APPEAR 76 ad | 
AFF ety ThE RESULTS, HOMEVER, FIR PRECTSy6N hEyER AND SMaLL, 
CUICk FOSITION CKANGES, COCKPIT MATION APPEARS T8 Be IMPORTANT 
I vKar tT ASSISTS The FILO, IN DereCrING SMALL ORIF7 AND 
IMPROVES FIS aBilLiry Te CONPRAL ven Tce ALTITUCE rhe ABSENCE 
SF cackery MOTI6N WreN USING A POyNy SBURCE vySUAL DISPLAY FO 
The PReScNTATIGN BF VISLAL INFORMATION CAN sane VeERTIG® aNo 
Less oF RgRrORh ante. The STUDY SHOWS yHAT VALID vssTOL 

u 





FLrGky srPUbarr6n Can Be aC abet he te AND THay QLANTITATIVE AND 
suBcecrive Dara WHICH CLOSeLY COMPARE WITH FLIGHT ReSULTsS CaN Be 
ARTAINED, 


PTR PT PREPESLELCCOCCOCLOCO OSE LA ee ee ee eee id ee ee tl 


Sp\aCORy, webs tval;Oay ON BF GROUND RaSED SP UGAT ION s PAPER 
Pee eeN Teo AT A MeeTING bf THe AMERICAN KELICOPTER SOCIETY, 1969° 


# ABSTRACT # 
aA S7LCY BF vaRyels KINDS OF SIMULATORS HAS BeEN Mave TS DETER. 
MINE therR CaPaBILiTY TO PRODUCE DATA REPRESENTATIVE OF VISUAL 
FLICrKy, Five SIMULATIONS AF a SMALL Jet LIFT vsSTOL AIRCRAFT 
he Re dance TEC USING THe SAME ReSeaRCH PILOT, CONTROL RESPONSE 
ARE arRCRaFy PaRaPe TERS rer BLE ig CONSTANT IN EACH 
Sy*LLaryAn Tre Re SULTIN Bara WeRe SMPARED wiITh FLIGHT 


ReSlL7S FROM phe SAME AIRCRAFT AND PILOT, | THe SIMULATORS USED 
CrFFeReNy DISPLAYS, M6 
FeStUre 


TION MODES AND INSTRUMENTATION AND THe & 
aRe DISCUSSED IN THe LIGHT OF THe CHARACTERISTICS OF . 
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raACk SJMULATAR a~XC TRE aTRCRaFT. Ber AUse OF rhe AVAILABILITY oF 
FLICK CaTA, BALY ThE TASKS Were sTUO1e0 IN Petal - rig 
EReCTSIGN FAveR, aXC qHe LayeRal QUICK START aND STOP MaNcUveR, 


a Valyt SN RayrONale waS OevebOpeD 7e assis Me pyl@y yN Hys 
a yALURTIORE. Presto eR AADOM DATA ENalYStS Techni Bugs ro J 
ESTAPLISH CYNa~MyC EeULVaL NCe Be TWEEN A VeHt Le AND A SIMULATION 
BF rear vehICl&e, aN EXaMPlLe OF I7S USe IS Pre dg tite’ TOGETH;R 
*yTh , DySCLSS1HN OF TTS LIMITATIONS, SUGGESTIONS FOR FUTURE 
TESTING ARE alS® yNCLUDEC, 


oe PROMPSING 7YPe OF SyMUL ATOR WaS SyLOrgeD IN GReareR Degall 
IT vPLAYS The Bathe L1Ghr SOURCE PROUECTTON pr NETPEE 16 ' 
PraEUCe a CONpaCy CaY SCeNe AND EMPLOYS A ROTATIONAL MOTION 
PaSe, a M9TTON BaSe.V stat Dy SPL ay OR IVE MeCHANISM WaS DeS1GNeD 
FAS ters S{"ULa7oR Egy Fk IS Be > ever Cam ar Tole WITH THe Sense si 
DYNaMyCe BF tke HUMAN, The vAbIDATION RATIONabeE Was USED Tb 
Perekwt\e the BeSz CONSpaNTS OF THIS MeCHaANIZaTION FOR THe TASKS 
eybheee. OPeRayyOh BF ykyIS S MULaTOR FrxeD BaSe JNOUCeS Pes 
Nalbeea ant Reotees PILOT veHIebe errant ace Ese OF FH OTION 
SYSteM, gee GReaylLy ReDUCES BR IN MOST tases ELIMINaTeS 
Ter NalSea aN teeottes Uae WHICH COMPARE FAVORABLY WIT 
abba Regli rg hheN Tre C NSTANTS OF The oe REC HANT ZATION ARe 
CeT PROPERLY, the eFFECTS AF MOTION ARE DISCUSSED INCLU 

the cFFecTS SF Fase MOrI8s cues, 


ING 


EyLAy heal MByeMENTS, OLRING M8yING Base Se att 

we Core UAD ReLaTeD Te TH HyCL N 
tte teh wet Concnere Ree FBUND’ IN Fe icky WITH ATRECICOP TERS” 
bear wo yeFENTS IN The SIMULATOR DURING FIXED BASE OPERATION 
weRe CIFFERENT, AN eEXPLaNaTi@N IS wl ys BaSeD ON THE EYE 
CAURTERRACL ReFley ANC CERTAIN CONCEPTS OF HUMAN SPATIAL 
BFIieX par 16h, 


1 TISCLSSTUN BF A SIMULATION FOR aA LARGE CARGS pl pegged th 3a DURING 
LFeANCSAKAY SFERATIONS IS INCLUCED WHICK SHOWS SOME EFFECTS OF 
ve PICLe SIZE. The BASIC PRINCIPLES USED IN The DESIGN OF The 
FRINT LIGHT SOURCE SIMULATOR MECFANIZATION weRE ALSO EMPLOYED [N 
THIS SIMLLATION, The SIMLLATOR IS CAPABLE GF PRODUCING LINEAR 
AS bell aS RAtaTIONalL MATIGNS HOweveR, aNO THE LINEAR MBTIONS 
APE VITAL TO Tee EFFECTIVE SIMULATION OF THIS VEHICLE BECAUSE 
the PILE STATION IS CONSTOPRABLY FERWARO SF THE CENTER OF 
GOAVITY, 


tke “4aSIC ADVANTAGES ANC LIMITATIONS OF THE SIMULATORS STUDIED 
ARe CySCuSSeC avo SUGGESTIONS FAR FUTURE RESEARCH ARE GIVEN, 


POERPTUPCTELESCLECLLELELIAT CLERC A TE 
SINACAHRT, weF, A PRACTICAL APPROACH TA MATION SIMULATIONss ALAA 


EAFER 750931» ALAA VISUAL AND “STION SIMULATION CONFERENCE, PALO 
ALTA+ CAs SEPT+ 3¢°122 1973¢: 
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* ABSTRACT « 
aA “ATTA CAIVE METHOD IS PRESENTED WHICH OFFERS THE SIMULATOR 
LSER a MEANS FAR RAPIDLY DESIGNING AN EFFECTIVE MBTION DRIVE 
LAGIC. FRACECURES AND ROLTINES FOR ADAPTING TRIS mETHED TA ANy 
TYPe §F MOTION BASE ARE ALSO INCLUDED TOGETHER WITH DESIGN 
CKARTS, TABLES AKC RELATED DATA WHICH CAN BE USEC TA ESTIMATE AN 
INITIAL SET OF CIEFFICIENTS. 
LSFR TECKHNIGLES ARE THEN PRESENTED WHICK RELATE THE LOGIC SCHEME 
Te Tee MOTION BASE TYPE WITH C8ASIOFRATION OF CATA FROM HUMAN 
MATIAK PFERCEPTIGN LITERATURE, REFINEMENT PROCEDURES ARE GIVEN 
wtThk SAME EXPERIMENTAL CATA FREY SIMULATIONS OF FIGHTERS, STEAL 
TRANSPORTS» AND LARGE HELICOPTERS. THE MATERJAL IS BRGANIZED SB 
AS 78 Pe LSEFLL AS BATH A CaMPUTER PROGRAMMERS MANUAL AND A 
PRIEF LSER'S GUICE. 


T9RREEEUECEBRBRTE REE BS ER ACER ETE LR ESE RE SERS ASSES RSE REAPS ES 


SINACARIy weke A PRIEE SURVEY SF MATI6N SIMULATORS! ORIVE LEGIC 
WT Tr erFRASIS ON The ROLL AxISe SYSTEMS TECHNOLOGY, INC,, ST] 


wORKING PAPER NB. 1094"22 MAY 19776 


* ABSTRACT * 
A “S7zer FeFeResCes WERE SeteCTec FAR Review WHICH PRESENTED EX- 
PeRrMeNyal Resuirs FAR THe mPeRCEPTUAL FIDELITY! GUESTION, THe 
DRive LOGIC SURVEY Was SULMMaRTZEC as FeLLOWS; 
FALL MOTION JMPRAvES PILOy7 PERFORMANCE PARTICULARLY WHEN TASK 
LAaCING IS INCREASED, 


TILT CLE (GRAVITATIONAL REACTIBN COMPONENT) FURTHER IMPRBVES 
FILGT PERFORMANCE. 

SFLRIOBLS APPEARING S[Cg FORCE CLES CaN Give TENDENCIES TOWARD 
CISGRIENTATION, 


FALL MOTION SCALING FAS a SIGNIFICaNy EFFECT ON PILST pERH 
FARMANCE > 

hash@luy HAS a MINOR EFFECT SN PILOT KALL TRACKING PERFORM. 
ANCE e : 

FALL waSH@Ly Cant BE USe0 78 SLPPRESS The TILT CUE BUT 1QLICK! 
wASKBUTS CalSe DISORIENTATION, 


MrsCerRRCjNaTrON OF S1le FARCE CAN Be USED 76 REDUCE SwaY 
TRAVEL REGLIREMENTS. 


POPES EVER TUERIL OSES EC ECE EL SETAE EPS TERE TRAPPER EPL PSL 


SKANS, S, THe SPECIFICATION BF REQUIREMENTS FOR FLIGHT SIMULA. 
TION, Paoceg Eins eF Tre Royal pes epg hte SYMPA@SIUM 
myheARY aN FRaCriCe IN FLIGHT SIMULATION+, LONDBN, ENGLAND, 
APRIL» 19768 
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* ABSTRACT * 
TEE S]MLLATOR LED FAR RESEARCK, DEVELAPMENT @F TRAINING IS A 
Fell yak TO6L IN at LEAST BNE Beer Ct. IT SKALLO BE BRe ad. 
vatCel gehah 17S COUNTERPART aphCFa Ta, Nee eh Yd ONSIsTs 6 
Tyk SR Se Ves pyre S, THIS PAPER Dea~lS WIyk SOMe CRITERIA 
a\® SF-CTFICATI@NS FAR he BF THeSr MOTION AND vISUAL SYSTEMS, 


OH HEHEHE HHH EH EHH RH SHREHHHHEHEHHEHHEHEHEHH HEH EH 


SMITH, Geko ANC DE ROCHER, Wweleos JRe aA FULL@SCALE SIX-DEGREFe 
2FFueeCAM, SRETTAL CLagure ANC DOCKING SIMULATOR, = IMaRTIN Een. 
E,hy? RePORT Ma630134, AERSSPACE DIVISION GF MARTIN@MARIETTA 
Cehe,, EeNveR, CALARADS, JULY 1963. ° 


* ABSTRACT «# 

TEE NEED FOR a CLaglRe_aNO DOCKING SIMULATOR aS DISTINCT FReM 
EehCeShaus SIMLL ATER Es SENS TDENED, AND tuts TYPE BF SINULASOR™ 
1¢_SkeXK TE PE CESIRABLE ReGy IRE NENTS FOR a~ oe oe AND 
PECKING SIPUL ATER ARE PRESCNTEL A sae AU hone iS Ae a 
be. Le-? FB S1GN, T 1S SHENN A BMBINATION SI AT® 

af a FarpLyINe tachiNe ANC a SpRvO-O81 ven MeChANICAL SYSteM IS 
rhe BeSt creice, CeTAIL SPeCIFICaATIONE AND a OgSCRIPTION OF a 
SMerNatrAs SyMLL ATOR TraT Has begs C@KsTRUCTED IN ce . ARE 
FaeSeh ee aL8NG wItk a SeRI¢S 3F POSSIBLE MODIFICATIONS AND 
SxTeNS TANS OF Tee BASIC SYSteM, The PaPeR CONCLUDES WITH A 
TTECLSSTAN BF Tre STGNIFICaANCe BF THIS 7YPe OF SIMULATION IN qHeE 
“)velePMenT GF gPaCe RenCezva¥s, (aUTRAR) 


TU PeCEPCEEESCOESCBESCCOCCC COTO SSOSCBRE CLOSES SE STA EES EAT ET PARP hE { 


SMITH, FLMaN DESCRIBING FUNCTIONS MEASURED IN FLIGHT AND 
%} stFuLi tars, SeFCAND ANNUAL NASA,UNIVERSITY CONFERENCE ON MAN, ‘ 
‘Al CANTROLs NASASSP2428s FEBRLARYs 2B8=MARCH 2s 1966 PPe279e29oe 


* ABSTRACT #* 
CPMERRIGANS hAVe BeeN MACE BETWEEN HUMAN DESCRIBING FUNCTIE6NS 
MEASLRES IN FLIGHT AND 8K THe GROUND USING The DIFFERENT TYPES 
OF GRALNC SIMLLATION., A Tega VARIABLE STABILITY AIRPLANE WaS 
Lgel Fark TRE JN SFLIGHT een em ENTS. the GROUND TesTS WERE 
CORELCTEO IN Tre T93R AJRPLANe 8K THE GROUND wITH SIMULATED 
INSTSLMENT FLIGRy aND ALSB BN A oe esa ANALGG COMPUTER 
TN CANSUNCTIAN WIETh a CONTACT ANALOG DISPLAY, FOR THIS STUDY, a 
MLL TIPLE CEGREE SOF eAFREECOM CANTROLLED ELEMENT WAS USED IN A 
SINCE E SLOPE COrFENSATORY TRACKING TASK, THE INPUT DISTURBANCE 
(' gack CASE CENSISTED SF THe SLM BF 46 SINE WAVES wITH A CUTOFF 
FEEGLENCY AF 466 RACIANS PER SECOND, 


4 TIGyrTal. CIMFLT¢eR WAS LS_ED TA ig AS THe DATA, WHICH WERE 

S7T85-C ON rAGKE TIC TAPE, THe POWER SPeCTRA AND CROSS SPECTRA 
1Sel 7% COMPL Te The OgSCRIBJNG FUNCTIBNS WERE DETERMINED FROM 
FAUR pic TRANSFORMS AF The TIMe RISTARIFS, BY ELIMINATING The 
Nerf oy STJRe all Tee CaTA IN Thee CAMPLTER AS IS REQUIRED WHEN 


689 


A Alo =a 








NAVTRAEGUIFCES IH#298 


CAMFLTIAG AUTBCARRELATISN FUACTIGNS, IT WaS Pesslé_e TS PRYCESS 
CANSTDEGABLY MERE DATA FEINTS PER RUN, THEREBY INCREASING THE 
ACTLRACY OF TREE RFESLLTSe 


TRF RESLL TS BF TRIS INVESTIGATION INOICaTeE NG SIGNIFICANT 
PIFECREACE BETWEEN THE AVERAGE CESCRIBING FUNCTIUNS MEASURED 

TA FLIGET ANC TrASE MEASURED IN A FIXECeBASE SIMULATOR. HOWEVER 
ThE VARTANCE WAS FALAD T6 BE CUNSINDERAPLE IN THE FLIGHT DATA. 
TRE SYSTEM AFENSLBAF DESCRIBING FUNCTIANS MEASURED JN THE 
FrYeECe[ASE SIMLLATAR AGREED WELL wWITh TRE RESULTS OF AN INVESTI« 
GATIAN BY MCRLFR JN WRICRK THE TRACKING TASK LINEAR COHERENCE 

waS ALS6 CLOSE TA TRE VALLES FALAD IN TRIS SAME INVESTIGATION, 
ALTE®UGE CANTRARY TE THE RESULTS BF PREVI@US INVEST[GATIBNS, 

TEE Lhe aReCARReLaTISN FLNCTIAN P Was ALWaYS EGLaAL TY i. 


TEST TTELTT CCC CCTOELIT CCC CC SCC LOCC CEC CCC ec eee ee ee cece ST eee. ST! 


Svitr, wer €8 FLEXMAN, ReEe AND KBLUSTEN, RoC. 

ReVELEPMERT BF AN @BLECTIVE METROD OF RECORDING FLIGHT FERF ARQ 
“aCe, AIR TRAINING COMMAND HUMAN RESAURCES RESEARCH CENTER, 
TECHNICAL REPBRT 52015 LACKLAN? AFB, SAN ANTONIO, TEXAS, DECEMS 


PEF, 1952¢ 


# ABSTRACT »* se 
TRIS FRAGECT WAS PART BF A GENERAL RESEARCH PROGRAM PROPESEC 
SLRING ah ATR FARCE PLANNING CONFERENCE BN PILST TRAINING 
ESEARCK, The PURPOSE BF THIS PROU¢CT Was Th AS A MeTtHED 
SF BPLECTIVELY RFCAROING PiLer PERFARMANCE IN THE PRIMARY FLYING 
TFEAINIKG PROGRAM, 


TP CONSTRLCT FoRMS FOR RECURDINC STUDENT PILOT PERFORMANCE 
SATISFACTORILY, IT FIRST WAS NECESSARY 18 DETERMINE THE 

ae Gh SRErEnts FAR ke Ueki AF The FLYJNG PHaSe OF PRIMARY PILOT 
TRAINING, THe aprPBACH 759 TRIS TASk WAS T8 EXAMINE ALL 
rAvBuwers IN the PPyMARY FLYING SYLLABLS ik 6F THEIR 


CAYFAKRENT ed hee FAC MaANeUver AND I7TS C ENT eka WAS 
PeSCRzS-C ANC LySyeO IN ad Leeda FORMAT, FOLLOWING 
ThaFLPGREr CHeCKS, Tee MaKeUyeR ANALYSES WeRE RevISED TA INCREASE 


tke TR aCClhRaCy aX COMPLETENESS, 


LFON CamPLe TION AF THE raNeuye® ANALYSIS, PERFORMANCE RECORD 
Skeets heRe CesiCnel tA ReCaRD STUDENT PERFORMANCE IN FLIGHT, 
1TEMS FOR THESE FECARO SkeeTS “ERE SelLeCTeo FREM The MANEUVER 
ANALYSIS, EXFERTENCEC FLIGHT INSTRUCTORS REVIEWED, USEL, AND 
REVISED ThE PERFSRFANCE RECORD SHEETS. IN ADLITI6N, GBSERVER 
Fel patlrtY SpUCTES weRe CONDUCTED 79 DETERMINE THe AGREEMENT 
PeThpeN TeE ReCARCS OF ThA JNSTRLCTARS GBSERVING THe SAME PILOT 
FEAF ARM ANCE, Reglkys FReM pHeSe sTUDI¢s WERE EMPLOYED TO Revise 
the PeRFeRManCe ReCeRD sheets FSR MAXIMUM BBSERVER RELIAGILITY, 


TheRe ARe TWA CIReCT PRECUCTS SF yhIS RESEARCH: FIRST, THE } 
MaNelyeR ANALYSIS COveRING all manevyers IN The PRIMARY PILeT . 
TRAINING PROGRAM, ANC SECOND, A MeTHED BF UBUECTIVELY RECORDING 
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FIL@T PERFARMANCEs THESE TWO PRODUCTS WILL BE OF USE IN PILO6T 
TRATNING FSR STANCARDIZATION, FOR THE COMPARISON 6F GREUP 
FERFARMANCEs ANC FAR THE CEVELOPMENT BF OBJECTIVE PROFICIENCY 
NFASLRES. 


TRE RESEARCH REPARTED REPRESENTS THE FIRST TIME THAT THE TASK OF 
A MILITARY PILET TRAINEE RAS BEEN MINUTELY DESCRIBED AND ACTUAL 

FERFARMANCE ABLECTIVELY RECBRDED FAR Bath C@NTACT AND INSTRUMENT 
MANELVERSe ThE APPRGACR UseD Te DevELEP THE PERFARMANCE REC@RD 

SChEETS, AS WELL AS THEIR UTILIZATION WILL BE aPPLICABLE TE MANY 

AREAS tif PILAT TRAINING RESEARCH. 


TER POOPPPELEREUSESCECPRESCT OOS C eC CPE EPEC TP TEP AS ET TP EE FE 


Sele SMITE ET AL @ RBUGF AIR SIMULATING MEANS FOR GROUNDED 
\,TATIGN TRAINERS 

FATENT NBe 227879842 

FILEP MECe Fe 1964 GRANTED APRIL 95 1957 


\Q ARSTRACT 


REPRE TEUCOCELECECCOCOC LLCO SLLOCCL CLOT RTE SL TT ES 


SeSCe, AeFe 'tHUMAN FACTGRS INPUTS TS THE TRAINING DEVICE DeSTGN 
FRSCESS'. NAVTRADEVCEN 699CHQ298"1e UsSe NAVAL TRAINING DEVICE 
CENTER, ARLANCH, FLARIDA, SEPTEMBER 19716 


* ABSTRACT # 
THKTE Re PART PRESENTS GUIDELINES FOR cee tae ice KUMAN FACTORS 
INPUTS 7A THe k TGA OF SYNTHETIC TRAIN] SYSTEMS, IT PROVIDES 
A Megkot FIR CeSrGh AND ORGANIZED TRAINING CONCEPTS AND DATA 
SLFBSRrIve TY The HUMAN FACTORS SPECIALIST IN CeRIVING THe 
FUNC TISNA SPECIFICATIONS FAR The BeSIGN OF ANY COMPLEX TRAINING 
SEVICEs 


TeRep wagOR SecTIONS ARe PPaviICeO, THe FIRST SF TrESE PRESENTS 
at @RGANTZEU MeTRAD FOR ACHIEVING HUMAN FACTORS INPUTS TE ThE 
TRAYIKIRE SYSTEM CESYGNe 


aNftke, SECTIBN PRESENTS pencerre AND CATA APPLICABLE TO Tae 

re Sick RE TRAINING DeyICeS, SEvEN CONTENT CHAPTERS ARE SUBSUMED 
uUneR TRIS SECTION, THESE ARE (7) VISLAL SIMULATION, (2) PLATe 
Feew wSTr6N SIMULATION, (3) VEHICLE CONTROL REGUIREMENTS, 

(4) TAF3gMATIBN PROCESSING pEGLIREMENTS, (5) MEASUREMENT SYSTEM 
NeSten, (6) ACAFTIyE TRAINING STRATEGIES ANO (7) DELIBERATE 
SePaSrLReS FROM ReaALISM IN DESIGN, FOR EACH CHAPTER, CONCEPTS 
AR™ Mata WKRICk PROVIDE KUMAN FACTORS CeSIGN SUPPBRT ARE 
ARTICULATED BASED Bh Reviek OF The PERTINENT LITERATURE. WHERE 
CeStGn evilence IS wEAGER, TRE DATA GAPS ARE ICENTIFIEDs 
ReSpakCk 1SSlgS BF HIGH PRIBRITY FOR HUMAN FACTORS DESIGN ARE 
Re CavMenCer. 


691 


NAVTRAEGUIPCEN IH#298 
THE SECTION BN MATIEN SIMULATISBN (2) IS BRGANIZED AS FSLLEqS;3 


AN ELEMENTAL REVIEW OF TRE MSTION FARCES PERTINENT TS THE 
SIMLLATER ENVIRONMENT IS PRAVIDED. 


A REVIEnw OF TRE LITERATLRE IS PRESENTED FAR THE PURPOSE OF 
FLACING INTO FERSPECTIVE THE UTILITY BF MOVING BASE SIMULAT]8N 
FPR TRAINING EFFECTIVENESS 


MATIAN REGLIREMENTS RELATIVE TS TRAINING DEVICE DESIGN ARE 
ARGANTZEDe 


SPECIFICATIONS FAR TRE INCABRPBRATIAN BF MBTIEN INTS GROUND -BASED 
TRAINING Cevices aRe PReSeNteD 18 THE ExTENT OF ThE DATA 
AVATLABLEe 


oR Ee eT eC CeCe SPC Ce P ee CP eee eee CSPOT Cee eS Pe ee PPT eee eee eer eT 


SwACe, awFe THE FIDELITY ISSUE; HOW MUCH LIke OPERATIONAL SYSq 
Te™S SHOULE TrEIR TRAINING DeyvICe C@UNTERPARTS BE IN COMMeM6, 

RaTIve TeChNICAL GAURNAL, NAVAL TRAINING DeyICe CENTER as5TH AN 

NIVERSARYe NAVTRADEVCEN IHepe23 NOVEMBER 197402 17°5318 


* ABSTRACT + 
WR ORLEEGEATLE WELL AS ieee PeSPlLe BelLreve DIFEgRENT THINGS 
APALy Fy eLity eF srMULaTIAN, ters PAPER exPLéRes Ws Me AN NGS 
AKG phe TPPLICATIONS OF Tre yARIOUS PBSTTIONS ON FIDELITY SF 


SIMLLATIONe 


CrSCUSS¢E ARe TeRe¢e AREAS, ReELATI ye TO INSTALLING ThE 
EAVIROAFEAT, IN WEICH TRAINING WILL Be ACCOMPLISHED, THESE ARE; 
(1) Tee PAIN fSSue, SUFFICIENT FIDELITY T@ ENSURE TRANSFER OF 
TRAINING, (2) Levels OF FIDELITY 78 DEvICE DESIGN AND (3) 

C TERMINTNG The FrOeliry equi rere. Ts FAR TRAINING AS A FUNCyION 
AF TRAINING PLRPOSE, TASK STRUCTURE AND TRAINER POPULATION, 


Rea~RCrhG SyMLbayyON TECHNOLOGY, Key 1sSYeS IN TRAINING Devi Ce 
CrSIGnh ARE EXPLORED. 


MarrAN ys CysClgs|eD as IT EX gig iss CeSIGN si7laTIONS WHERE 
Tee ENGINEERING TECHNOLEGY 7S NOT FULLY as 76 Re PRESENT 
CePrat\ VENTS WITH The ReaLis® RegulReD FOR EFFECTIVE INSTRUCK 
TIAN, IN THe CaSe SF MOTION SIMLLATIBN, TECHNIGUES ARE REQUIRED 
Far Dec IVING Tee bUMAN WITH CUES THAT KRAVE SIGNAL VALUE AND 
ReLevaNCe T8 The RealehgRL0 hag piled AGE be Marian BN\SET 
cEes, wASF8Uy atCeLeRATION, THE SCALING 8F ACCELERATION, AND 

TRE Use 6F S1IGNaLIN¢ TECHN Tae S SUCH AS INFLATABLE SEAT CUSHIONS 
ANC Seat BELT TIGHTENERS ARe EXAMPLES, 


TO RSESECIT RRR EER ESE SSE SESE SESS REESE SRE STRESS R RAR RAD 2 8! 


SMACE, a,F,, GRUBER, A, AND ELY, UH. HUMAN FACTORS TECHNOLOGY 
Th Tee CeSIGN OF SIMLLATBRS FOR OPERATOR TRAINING, 1UeSe NAVAL 
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TRAINING CEVICE CENTER TECHNICAL REPORT!: NAVTRADEVCEN 110314, 
12 LECe 19636 


# ABSTRACT * 
TRIS REPART PRESENTS AN GRGANIZECD BODY BF INFORMATION USEFUL 
FeR CeALING WITH THOSE HUMAN FACTORS PROBLEMS FREQUENTLY 
cet C6LNTeERED IN The DEVELOPMENT BF THE WEAPONS SYSTEM TRAINER, 
cMPhasTS IS GIveN THROUGHOUT TS THe GeNeRal PROBLEMS INVELVED 
IN CEVEL@FING Tre COMPLETE TRAINING SyStem RayhgR THAN 16 THE 
a. ALYSTS 8F CeTAILS SPECIFIC 19 G1 yen TRAINING SYSTEMS, IT 
SL” ART 2S BASIC KUMAN FACTORS INFORMATION WHICH INFLUENCES THe 
Pee1Gh aXC CANSyPRUCTION BF FRAINING OgviCes, svCCessive 
CRAFTERS BF Tke REPORT ARE eVireD 76 CeteRMINING TRAINING 
NeelS, CevebSPING The ENVIRONMENT FOR LEARNING, ONDERSTANDING 
cPMULaTIAN ReguiReMeNTS FOR TRAINING, DEVELOPING A MEASUREMENT 
CaPatyl ry, ANC oF sPUSSING THe KUMAN ENGINEERING PROBLEMS IN 
TRAINER DESIGN, AS IT PROVIDES A Cane TEE RNey BACKGROUND OF 
KLMaN FaCTARS JAFARMATION PERTINENT TO THE SYR THETIC GROUND 
ENVIRANMENT, TRIS RePERy WILL He OF INTEREST 78 IND] VIDUALS 
ErReCyhy CONCERNED WITH WEAPBNS SYSTEM TRAINING PRBGRAMS, 
CRFEARING TRAINER SPECIFICATIONS, DEVELOPING TRAINING STANDARDS, 
aX teSTING ANC EVALUATING SIMULATION EQUIPMENT, 


ChAFTER IV, SIMULATION: THe MAY6R PORTION OF WHICH WAS Ue ee 
py CR) ChaRLes R, KeklLey 6F DUNLAP AND aSSOCIaTES, INC, INCLUDES 
AN INyERESTING SeCTISN BN MBTISN, A GAED ILLUSTRATION SOF THe 
cFFeCy ON heal MATION AF A CHa'Ge IN LECaTION OF TH ROLL axIS 
FRSé a~BOve TS Bel On a | heaD, IS PROVICED, I7 IS SHOWN THAT aT 
tke FYGEL [MFA TANT INSTANT When A MANEUVER ae THE MEAD 1s 
TRANSLATEC Th the LeFr IN BNE CASE, TO THe RIGhT IN THE GTHER 
caSe FEF Tee SAME MANEUVER, THIS nee tee THe ata age 32 OF 
LOCATING 1 AxeS 6F ROyATION IN TH TMULATOR TS & REASONABLE 
nESRAx IMATION BF phat IN THe AIRCRAFT IF FIDELITY IS TO Be 
vAINTAINEC, 


Terr rrrrr rr rrr rr rrrerrrrreorrerererere Sere SE TSEC SEALS SASS A LATE TS 


CvACE, A,Fes FALL» EeRe AND MEYER» DoE, tAN ASSESSMENT 6F RE 
SpARCr ReLevANT 76 PILOT TRAINING. AMRLeTR#66°19660 AEROSPACE 
MEP TCalL RESEARCRK LABSRATERIES, WRIGHTePATTERSON AFB, SHI, NO, 
VEMRER 19668 


* ABSTRACT «# 
THIS RePORT PReSeNTS A CRITICAL R vigh AND INTERPRETATION OF 
Tee ceks10eRagte AMBUNT 6F RESEARCH ATA THAT HAVE EITHER DIRECT 
aR INCIRECT IMPLICATIONS FAR THE TRAINING OF PILOTS, THE 
FLRFAS. IS 7é ones et SYSTeMATICALLY THE RESEARCH FINDINGS 
FREM 7re FUMAK FeRFERMANCE AND The TRAINING RESEARCH LITERATUR 
TRAY Ake PERTINENT TO PILOT TRAINING, AND BASED BN THE STATUS SF 
ReSearCh IN CeFINeO AREAS, 16 ICENTIFY RESEARENALE ISSUES. 
eLce SSI ve POkTIONS 8F The REPORT Opal WITH id 6N The 
ChE IRI TIA OF Tre PILOTS UbB, The ACGUISITION OF FLYING SKILLS, 
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FeSFORMANCE MEASUREMENT, SIMULATI@N ANC TRANSFER 8F TRAINING, 
@PEFATIGNAL COMFANENTS GF THE PILOT'S J8B, AND TRE MAINTENANCE 
SF FLYING FR@FICIENCYe IN ADDITIONs ATTENTION IS GIVEN TO 
STLOIES CBONCERNING IMPROVING TRAINING SYSTEMS AND RECENT 
TNNOVATIANS IN TRAINING METHSOS ARE REVIEWEDe AS IT PROVIDES A 
CANSICERABLE BACKGROUND SF INFGRMATIGN DIRECTLY CA@NCERNED WITH 
FILAT TRAINING, TRIS REFGRT wILL BF GF INTEREST T@ INDIVIDUALS 
INVOLVED IN ANY ASPECT GF FLIGHT TRAINING. 


PORE P ee CR eee ee PEEP E RE SEL EPS ERAS ARES EPSP PPT Pee ee 


SMECE, AgFe AND RALLe Eoke 

TRANSLATING INF@RMATION REGUIREMENTS INTO TRAINING CEVICE FIDELe 
ITY REGLIREMERTSe IN PROCEEDINGS HUMAN FACTORS SOCIETY i9Tr ANe 
NL4L MEETING, BLMAN FACTORS SOCIETY, SANTA MENICAs CA 19756 


* ABSTRACT * 
TRE FAILURE GF TRAINING EQUIPMENT TA MeeT TRAINING NEEOS IS 
FREGLENTLY ATTRI@LTED TE PRBR ENGINEERING FIDELITY, INACCURATE 
AR INADEGYATE INFORMATION REQUIREMENTS MAY Be EQUALLY 
FeSFANsyBbe FAR SROARTCEMINGS [N DeVICeE DESIGN, SOME OKSERVA. 
TIONS aNO VIighS ON FIDELITY 1SSleS ~NO AN ACKIEVING FIDELITY 
REGLIREMENTS ARE OFFEREC, 


PPOePRRPETPOC SILOS CO CC ORES ESE SE PERS ETE RSS R SESE TCS EEE ES OD 


SAF COMMITTEE AGF «3 

1a SURVEY ReFeRy BF sIMULAraRS UseD as BBLS FOR ReseaRCr, 
CeSIGn ANC DEVELOPMENTe! 

SeCIFETY SF ALTOMATIVE ENR L SEEN 2 INCe 

APRASPACE INFORMATION REPERY AIR 7794 GUNE 20, 19646 
L64#1765 


* ABSTRACT * 
THIS RePARY eypeah izes Ihg RESULTS BF p SURVEY REGARDING THE USE 
AF crhULatORS ag ARCS FOR ReseakCh, Des{GN, aND DgyeLOPMeNy JN 
AcRPSE ACE ACTIVITIES. 


GLESTIENNATRES CISTRIBUTED 79 yeR COMPANIES RESULTED IN 7q 
RePlieS, The INFORMATION Recgl veo AND aS PReSeNTED IN THIS 
RePaRy CAMPRISES VALUNTARY aND UNATDED RESPONSES. NO ATTEMPT 

has “ACE T6 CRAW INFEPENCES AR TA SEEK CLARIFICATI@N OR 
exPANSTON 8F tee DATA, THE ANALYSIS PERFORMED WAS FOR COMPILA, 
TION RatheR thaN INrtERPRETATIC. OR COMPARISEN, 

TNCLUDEC 1S INFARMATION 6N THe PHYSICAL MeTION, IF aNY, PRODUCED 
By the sy*ULarens, THe CeMPUTEr CaPaBab Ty FAR MOT{6N SIMUL a~TyON 
AND 3qhe VISLals# 871 8N CaPaBrLiry rNFORMaTION, 


TOWERS EO CEPERERESSEOOORE SSO SER EES SRE CETERA AERA DD 
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PL APD, AeKes MATKENYs WeGey DULGHERTY, Deve AND HASLER, SeGe 
ithe EFRECT SF ATTITUDE TO*ARD LINK TRAINING UPON PeRFERMANCE 
It The ATRCRAFTt, MEME REPSRT Ceja, TASK ba CONTRACT N6, AF 
323 (038) © 25726. UNIVERSITY SF ILLINGISs SEPT» 19536 


N DESIGN D t3 Ursee eR He cFFECT SF_A PBS 

Tee PeRIY nA IC SCB8VE A 

eB MpeA See es arth! be ike P at KE rx UPeK TRANSFER 6F hike 
abide Ad onl TS Tee Teg AIRCRAFT, AN ATTITUDE SCALE WAS CONSTRUCTED 
TE MeaStRe The TRAINEE'S ATTITUE TOWARD The Poy LINK, TWO 

ext eRpMeN pal CFBUPS WeRe USED; iN 8Ne GROUP, aA POSITIVE 

nyTitloe TAWARC yhe LINK TRAINER wAS T\DUCED” AND IN THe 6THER 
SRALP A GAT Ve arr que a CBKh7RAL GROUP PRACTICED BNLY 6N 
THE Pow aTRCHars, cRFORMANCE wAS MEASURED IN BOTH THE LINK AND 
rhe tog AITRCRAPy TK “prs SF TRIALS TO FeACH A ie SINCE 
BKLY 4 oh Atl KUMEE R gF slBde Crs has Used, SNLY The TRENDS 
aPPaReny IN The Rah Data ARe DISCUSSED, THe GROUP WITH THe 

ier es ag aTTITeCe 7TeWARDS Bt ye gacheD CRITERION IN 6. 


LyNk« JA re oR i aks TRIS Ly WAS Rep EVE ce f¢D IN re Tee A 

CRAFT. a TRANSFER FROM LINK TE AIRCRAFT TAKES PLACE 

[= "eee OF yFe TRAINEE tS ATTITTUO Or TBwARD The, RIN AND APPEARS 
Py 


t 
TR TSeCTLy Relate 76 eral tIMe SPENT IN LINK TRAINING, 


PRR EPPRTCCEEOCCCO COCR CCC CLC ee ee eee ee ee hd 


cALyT,Y, SoM, spFF ECTS GF zaSK LOADING BN PILOT PERFORMANCE 
CLF ING cyMULy cc LAW salrITUDE, FIGH SPD FLIGHT!, USaTReCeM 
TE Eye Se ast ie CLA 44ee FERRUALY 1965° 


* ABSTRACT # 
the ¢FFeECTS SF TASK LOACING SN PILET PERFORMANCE DURING 


SIMLCATED LOKLALTITUDE, FIGHSPEED FLIGHT WERE STUDIED, 

SFR IMATELY Pic hAURS oF FLIGHT beRE MADE BY EXPERIENCED 

EVLA, PILOTS Th A MBVINGSBASe SIMULATOR THAT BAD A TOTAL 

ve=TICal TRAVEL AF 42 Feet adD ad ACCELERATION CAPABILITY OF 

+ PR 2 eCe The FLIGHTS weRe MACE SvER SEVERAL TYPES OF TERRAIN 

AT Spychal ALRSpPeECS UNCER DIFFERENT CONDITIONS SF NAVIGATION 

Tack ANC EMERGENCY TASK LBADINGe MEOIUM*eHEAVY TURBULENCE WAS 
TCL aTet FOR aLlL FLIGH]S. DATA WERE ANALYZED IN TERMS OF 

ae ‘aN EcCRFARwaNCe asFeCTS SF ThE MISSTENS, 


Taree ee Pee ee ee ee ee Be ee A hd ee debe kde ede beh bh bel 


Stl lps» Coe © FLIGHT TRAINER 
PATENT Ne 2952422358 
FILET Aye 155 1646 GRANTED 6CTe 34 1950 


KP ABSTRACT i 


WEP PCP SCTE PCC CCOTCECCTCOCCCTOCCOCS PSP ESE ERECT TSEC PTAA 
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SPARR, F. AND GALLAWAYs ReTe FLIGHT FIDELITY EVALUATION GF ThE 
SatA wEAPBN SYSTEMS TRAINER, DEVICE OF s2y WITK THE VITAL III 
VISLAL SYSTEM, CEVICE 2234A. ‘NAVAL AIR TEST CENTER REPORT! aATe 
§3%e76» NAS» FATUXENT RIVER, MARYLANDs 22 JULY 19766 


* ABSTRACT * 
THF NAVAL AIR TEST CENTER (NATC) PARTICIPATED IN FINAL ACCEPTe 
ANCE TESTING GF TRE S=3A WEAPON SYSTEMS TRAINER, CEVICE 2F92, 
wITe TRE VITAL III (VIRTUAL IMAGE TAKEBFF AND LANDING) VISUAL 
SYSTEM AT NAS CECIL FIELDe APPROAXIMATELY 10 HEURS GBF CBECKPYIT 
TIME wERE UTILIZED IN CEVICE 2Fs2, UNIT 2, TS EVALUATE FLYING 
GLALTTIES ANC PERFORMANCE FyOel ity 8F DeviCe ef 92, aND TO 
EVALUATE OVERALL FLIGHT FIDELITY SBF THe DeviCe aFgeyvITAL III 
CeMBINATION. INITIAL EVALUATION RESULTS INDICATED THAT THE 
SvERaLL FLIGHT FIDELITY WAS UNSATISFACTSRY, IN PARTICULAR, THe 
aPPRAACrK AND LANCING TASK WAS ChaRaCren [Z—0 Ry slUGGISH RESPONSE 
Ih tke PyTCH a~NC RELL AxES, HEAVY LANG TUOTNaAL CONTRAL FERCES 
AND CeLayec, VERKY INITIAL RESPONSE OF THE vISLAL SCENE TO PICeT 
CAaNyReL yNPLTS, aS A RESULT BF MODIFICATIONS AaND PayCHeS 
CevelaPem FOR Tee CevICe aFgo CONTROL SYSTEM: a~ND yITAL III 
SOFTWARE MADIFICATIANS ANO PATCHES, THe FLIGHT FIDELITY OF 
DeviCe aFge WITrk THe viral III IS SaTISFACTARY 78 eae AND 
MAINTAIN PIL987 aATRMANSHIF SKILLS AND IS ESPECIALLY EFFECTIVE IN 
RAINING FOR the aPPREACr AND LANDING TASK. elit PART II 
Bee tC ip Netee weTCH SHBULDC Be CORReECyED aS SPON AS PRACTICABLE 
weRe YOenTIFIeD OURING THIS eyALUATION, NATC EVALUATION 6F 
CeFrCyehCy Ce@RReCTIGNS SHOULD BE CANOUCTED DURING ACCEPTANCE 
TESTING AF Device eFg2, UNIT 3+ (AUTHOR) 


TCT Lee Cee CCP eee eS ee APPT ee Cee eS PP Pe ee 2 


SPITZER, RyeE. ANC RUMSEY, P,C, IPRELIMINARY REPORT BN WORK AT 
NaSaeaMes SIX CEeGREE BF FReeD8Y MATION SIMULATOR FACILITY+, UNe 
FLALTSrEC B@EJNG CAMPANY DBCUMENT, 19666 


* ABSTRACT * 
FRAY she TeST Peslk ys AND THe PilLetrs CSMMENTS sohe GROUND RULES 
MaY Be TENTATIVELY SUGGESTED FER CETERMINING thE PHYSICAL 
ReGLIREMENTS GF a MOTION SYSqE” WHICH WILL Give A SUFFICIENT 
ACCeLeRaTION Clg 8\ THE EVENT SF AN ENGINE FAILURE. 


te THE WASH GLUT TIME CONSTANT SHBLLD BE CHOSEN TO ENSURE 
TRAY ANP AMPLITUCE LIMITS ARe REACHED BEFORE Tre PILOT HAS TIME 
TA JNTFACLCE KIS CORRECTIVE ACTION, 


se EVERY ATTEMPT SHOULD ®¢ MADE T8 DELAY THE TIME WHERE 
THE nECELERAT ION Clg ReveRSes SIGN (TC) UNTIL AFTER THE NORMAL 


PrL6r ReaCTION TIME HAS ELAPSED, 


S9ME MeTrOD OF PRAGRAMMING THe INPUTS TO The MOTION >) 


3e 
PaSe TS REGUIRED wHICH WILL ENSURE THAT LITTLE GR NY ACCELERAS 
TIOX CLES ARe PRACUCED FOR aTRCRAFT ACCELERATIONS OTHER THAN 
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TR3SE TLE TA ENGINE FAILURES. 


Fak ThE FARTICLULAR CASE OF THE BOEING 737, A vERY GO8D SIMUL Ae 
TIAN Cah BE ACKTEVED USING a WASHOBUT FYL TER OF A ly rota 
hTTR A MAXIMUM AMPLITUCE BF 4 FEET AND A LIMITING VELOCITY OF aT 
LFAST 2 FET FER SECBNDe 


IF Tre MAXIMUM aMpLyITLDE AVAILABLE IS smMaALLER THAN THIS, SOME 

aM yTpSNal TECENIGUES May ye TO Be Fhoce En 18 ae THAT THE 
KSTrFON Cle TS tke PILOT IS tT CONFUSING, THe TESTS HAVE SHOWN 
Little 7A CHOSE BET*EEN 1 F88T AND 1/3 FOBT MAXIMUM MOTION 
LIMiTs TREY BA@Trh SUFFER FROM The SAMe SPUR;eLS AND CONFUSING 
aCCeLeRatIONS, aN tHe CURE FAR THIS MUST Be LOOKED FAR IN SOME 
PrkeF yeCkNIGle, SOME FESSyBLE MeTHODS ARE DrSCUSSED IN weg, 


TPR EP CR REPRE REP RPR ERS ERE SER EPEC SESE C SSE ERCP TERRE EEE REESE S| 


SPRING, »0Ge 

ANVANCEC FLIGHT SyMULATION IN ATR CeMBat FEAINING NeRTHREP CaRP, 
FAR praa viSlal a~aND MOTION SIMULATION CANFERENCE, DAYTON, SHIO, 
AFFIL 762242 19766 


* ABSTRACT * 
tke PaSIC gry ae” WAS 78 CReATe A SIMULATION TO SUPPORT TWO 
at® CAMBaT FILGT TRAINING ExPERIMENTS FAR THe L, S, NAVY, USING 
the FeSOLRCES 8F a~N alVaNCeD aIRCRaF y UeSIGN SIMULATION 
La?ARATORY, tke FIRST EXPERIMENT Dealt WITH TRANSFER OF LEARN, 
XG FROM yee STPLL ATOR FReepRAINING 78 a~IRBORNeC TRAINING FOR Sx 
TNty tak al® COMBay TRAINING SOR7IES IN Fras. The SECOND 
cXPLARCE Tee FeaSTBILITY OF AUTOMATED PER she gbes M ASURES FAR 
at? CSFApT TRAINING, The O8ByI8US pReai en WAS PR IBING NE .ONe 
PFKe AIT& CAMBaAT RAINING Ear, ILITY WITh A SINGLE SIMULATOR, THE 
SSLLTTIN WAS 7G DevebLOP SUITABLE Sg TIME DISPLAYS AND CONTROLS 
FOR The INSTRUCTORS CONS@LE, A KEY ELEMENT GF THE SUCCESS OF 
Thr SIMULATION WAS THe yARIeTY BF TARGET AIRCRAFT CONTROL MODES, 
LIMITLESS EVALUATION CAPABILITY WAS PR6yIDED BY BOTH INSTANT AND 
AFCkIYVAL REPLAY, IN BPERATION, A SINGLE AIRCRAFT SIMULATOR WITH 
AFPFREERIaTE INSTRUCTOR'S CONSOLE MAY Be USED IN Cleu OF 
MULTIBLE AIRCRAFT SIMULATORS FOR INITIAL PREeTRAINING BF AIR 
C&™BAT» TRE SIMULATION, WHEN USED BY AN OPERATIONAL NAVY 
TRATKING SGUACREN, KAS FROVEN AN EFFECTIVE AIO IN THE INITIAL 
TFArN NG BF ATR COMBAT TASKS. THE USE 9F AN ADVANCED AYRCRAFT 
CeSICn FLIGHT CIMULATION FACILITY HAS BEEN EFFECTIvE IN 
FreFFARMING LIMITED FLIGkT TRAINING RESEARCH, 


WEP EVERTEEIEOOCECCCOCOCLOCCSOOSSEL SS CEE EET Th 


SyANEK, PETER. S7UDY OF CAPABILITIES, NECESSARY CHARACTERISTICS 
AND EFFECTIVENESS 8F PILOT GROUND TRAINERS, vOlLe Il © A DENDUM; 
SLMMARY GF FLIGKT INSTRLUCTORIS VIEWSe LEAR SIEGLER, INC. FOR 
"NATIONAL AVIATION FACILITIES EXPERIMENTAL CENTER', ATLANTIC 
CrTYs NEw JERSEY, REPOARY FaaeR0-7291274 Ile aDe755 682s yaN 1973 
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* ABSTRACT * 
AN FXFERIMENT w«AS CANCUCTED TA TEST THE CAPABILITIES, NECESSARY 
CRKARACTERISTICS, ANC EFFECTIVENESS 8F PILOT GROUND TRAINERS IN 
CEVELBFING PRIMARY AERONALTICAL SKILLS, THOSE MANEUVERS AND 
FRACECLRES CESINED IN FEDERAL AIR REGULATIONS 61°374 61°87, 
61°117 ANC APFROFRIATE FLIGHT TEST GUIDES, LIMITED TO AIRCRaFT, 
SYNGLESENGINE, LANC, DPLRING TRE FIRST PHASE BF THE EXPERIMENT, 
3y SLEVECTS FETE TRAINED TOA PRSFICIENCY UNDER PART 61¢87, 
FIFTEEN IN AIRCRAFT QGNLY, AND FIFTEEN IN COMBJNEOD GRBUND TRAINER 
ANE ATRCRAFTe CURING ThE NEXT PRKASEs 20 OF THE ORIGINAL 30 
wee TRATNED TA PROFICIENCY UNDER 61¢37 AND 6101174 10 IN EACH 
GROLF, A THIRC FRASE OF THE EXPERIMENT TESTED ADDITIBNAL 
SLRPLECTS IN VARTALS PROCEDURES WITH VARYING Levels 6F SIMULATOR 
CAFAP]LITYe THE RESULTS BF THE EXPERIMENT SHAW WHICH MANEUVERS 
ANS PRECECURES MAY BE TALGHT EFFECTIVELY AND EFFICIENTLY Ih A 
GRAILNC TRAINER. TRIS ACCENDUM REVIEWS FLIGHT INSTRUCTBRSt I[CEAS 
AN Tee APPLICABILITY OF GRGUND TRAINERS IN A PRIMARY CURRICULUM, 
PASFR UFAN TREIR EXPERIENCE IN TRIS PR JECT. VOLUME I CONTAINS 
THF MAIN TEXTe 


IRWEPEUTUPTERCECOCOCSCCCOSCSO SCE R SE CSREES STEPPER ETE EEE RSE SSS ASS SST 


STANEK, P, STULCY OF CAFABILITIES, NECESSARY CKARACTERISTICS AND 
FFFECTIyeENESS SF FILET GROUND TRAINERS, VOL. I = MAIN TEXT. 
SYSTEMS TECHNOLOGY CENTER, LEAR STEGLER, INC,, PREPARED FOR The 
tFECERAL AVIATION ACMINISTRATION?, wASk,, 0.C,, REPORT 
FAARC|72"127e 12 GANUARY 19739 AD=755 €81° 


* ABSTRACT * 
AN eXPERIMENT WaS Sipe T8 TeST THe CAPABILITIES, NECESSARY 
CHARACTERISTICS, AND eFFeCTiveNESS 8F PILOy GROUND TRAINERS IN 
Devel BPING PRIMARY AcGRBNAUTICAL SKILLS, THOSE MANEUVERS AND 
PRA; CLAPS DEFINED IN FEDERAL AIR REGULATIONS 64437, 619872 
g10117 ant APPRGFRIATE FLIGHT TeSy GUICeS, LimireD 7@ AIRCRaFy, 
SrN@leeeNGINe, LanO, PURTNG The FIRST PHaSe BF THe EXPERIMENT, 
39,-SLEWECTS ner TRaInet TO PRIFICrENCY UNDER FART 64087, 
FIFreeN IN Al Ca 7 ONLY AND FIFTEEN IN COMBINED GREUND TRAINER 
AND ATRCRAFS CURING THe Next PFASE, 29 OF THe SRIGINAL 39 WERE 
TRAyKeED 76 ReFICIEACY ok 61°37 AND 6191172 10 IN EACK GROUP. 
A TRIRO PhASe BF Tre EXPERIMENT TESTED aDDITIONAL page: Pay IN 
vat pals PROCECURES hI TH VARYING LeVelLS BF SIMULATOR CAPABILITY. 
Tee SeESULTS Be tke EXPERIMENT SHOy WHICH MANEUVERS aND 
FROCECURES MAY Be yauGhy EFFECTIVELY ANC EFFICIENTLY IN A GROUND 
TRAINER, VOLUME 11 CONTAINS THE ADDENDUM, SUMMARY OF FLIGHT 
INSTPLCTARS' VIEWSe 


PRESTO PUETESCIOCCOPOELOECSS LCOS TLR EEE IT TTT TTS ETS Th EO 


STAPLeFarRC, RL, MULTIMeDALJTY PILOT Bi y F@R vISvLalL aND VB, 
TISN Cues. FEBRUARY, 4368 I’ F@URTH ANNUAL NASAeUNIVERSITY 
CAM eReNCe BN MANLAL CONTROL, UNIvERSITY OF MICHIGAN, ANN ARBOR, 
MICKIGANs MARCH 21°03 19684 ASA SP#1920 
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* ABSTRACT « 
s FeecTMyNARY MBCEL FBR PILeT CONTROL BEHAVIOR WHEN UTILIZING 
hr 7h VIS! AL ANC MOTIBN CUES JS PRESENTECe THE MODEL IS BASED BN 
A TRETAILFC REVIEW BF ALL KNOWN DATA, INCLUDING SOME UNPUBLISHED 
fata FROM RECENT EXPERIMENTS CANCUCTED BY NASAw*ARC AND ST] o 
Melele FAR Tre TeREE FEECBACK PaTRS (vySUal, a~NGULaR MOTION, 
ah LpNeaR M8rTeN) AND INTEGRATION BF The VARIOUS FEEDBACKS ARE 


TESCRIGBELe 
PwRMERPESCULECSELCE SCE SESE RETR RES ERS ET ESET REESE ESTER TPS 2 ES 


STAPLEF ARCs Reles PETERS» ReAe AND ALEX, FeRe 'EXPERIMENTS AND 
a Merey FAR PILAT DYNAMICS WITH VISUAL AND M67IGN I[NPUTS', 
NASA Che} 3E5» MAY 1969° 


# ABSTRACT * 
TEIC REPART CESCRIPES ThE RESULTS BF A SIMULATOR PROGRAM 76 
I'veSTIGATE Tre EFFECTS OF MOTION CUES BN A MANUAL eCONTROL 
rh ACK IKG TASK, The pare neNian VARIABLES WERE CONTROLLED. 
cLe*rNy OyNAMICS, LINEAR MOTION CHARACTERISTICS, AND ANGULAR 
Merron ChaRaCTeSISTICS., THe DATA SBTAINED INCLODe ; PILOT 
meeCR RING FUNCT IOhS, BOTh BveRALL (C@MBINED yISUAL AND MOTIBN 
Fre CHACKS) ANC SFRARATE (INDEPENDENT VISUAL ANC MOTION PATHWAYS) 
ReMNANT CRARACTERISTICS, AND TRACKING PERFORMANCE. THESE DATA 
are ~L€S§ CAMPaReD wITh FREVIAUS EXPERIMENTAL RESULTS, 


FRub phe PRev~ALS aND PRESENT DATA, A MULTIMODALITY PILOT MODEL 

Fist o@ ye VISbal aN” MOTION FeelBaCKS IS OERIVeD, The DYNAMICS 
oF gke pho (ANGLLAR AND LIN ER MOTION Fe DBACK PaTHS ANU THe 
IsteGRatyON BF vyiIslal AND mBy 19K FeeOBaCK ARE DISCUSSED, THe 
myo RALL grace AF MetIeN BN THE C egsey R Medel Ane FeUND Te BE 

Ter L6acR PILOT EFFeCTIye TIME DELAYS AND HIGHER CROSSOyER 

FRE GLENCIESe TRE CFANGES ARE ROUGHLY 9.15 SECe AND 1 RAD/SEC, 

TeeSp eFFECTS ARe PRIMARILY DUe TO AN ANGULAR RATe FegODBACK VIA 

The SpMICIRCULAR CANALS, THe LEAD PROyIDED By THIS veESTIBULAR 

eeTh ALLOWS Tee PILOT TA REDUCE HIS LEAD IN THE VISUAL PATH ANO 

INCReaSe KIS LOn FREGUENCY GAIN, THE RELATIVE MAGNITUDES OF THE 

vISLAL at VeSTIRULAR Fee 0BaCKS DEPEND ON THe CONTROLLED ELEMENT 

RYNah aCe (WHETHER AR NOT PILAT LOW FREQUENCY LEAD EQUALIZATION 


TS GEGLIREN De 


tere IMPLICATIONS OF Th pxPeRIe NrAL DATA AND THe MULTIMBDALITY 
EyLS7 MOCgEL BN The oS GR REQUIREMENTS FAR MOVING.BASE 

cy™LbL ayers aRe alse EVIEWED, WHILE THE EFFECTS 6F MBTIEN CUES 
AX Manlal, TRACKING, FAILURE CETECTION, AND REALISM MUST BE 
CaNsyteRel, Tree ONLY DEFINITIVE REQUIREMENTS ARE THOSE RELATING 
T# TRACKING, TRANSLATIONAL MOTION CUES APPEAR TO BE GENERALLY 
Le Se TMPBRTANT TRAN ROTATISNAL oN Ece AL THOUGH LINEAR MOSTIGNS CAN 
Qe SIGNIFICANT IN SPECIAL SITUATIONS, A CONSERVATIVE ESTIMATE 
FAR The REGUIREMENTS BN ANGULAR CUES SeeMS TO BE GOOD FIDELITY 
AVER Tree FREGLENCY RANGE OF CoS*ig RAD/SECe A PROCEDURE FSR 
ESTAPLISHING TRACKING ReGLIREMENTS FOR a SPECIFIC PROBLEM Is 


SLTLINEC. 
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VWRPEPTETEERECTCETCCCECCUCOCC CSIC CROP RRR ELE ASSES ESE SESE ST 


STAFLES» Ke Je 

MATIAK, VISUAL ANC AURAL CUgsS IN PILOTED FLIGHT SIMULATIGN. 
'aAGARD CRNFEREACE FROCEECINGS SN SIMULATION! AGARD=CP*79"7C 
(ALSAs RAS TECHNICAL MEMBRANDLM AERB 411969 UANe 19700) 


*# ABSTRACT * 
AN ANALYSIS IS MADE OF ThE PART PLAYED BY THE VARIOUS CLES JIN 
SITMLLATIANe THE AIM IS TO HIGHLIGHT TRE PROBLEMS RATHER THAN TB 
SUMMARIZE THE STATE OF -TRE*ARTe EACH CLE IS CONSIDERED IN TURN 
WITr FARTICULAR EMPHASIS 8N THE INTERACTION WITH HUMAN PHYSTBLO6 
@yCal SENSORS, TkE DEFICIENCIES IN THe CUES COMPARED WITH 
FLYING AN ACTLAL AIRCRAFT ARE STATEDs AND SOME ASSESSMENT OF 
TRF IR RELATIVE IMPORTANCE IS ATTEMPTED, THE SUBSTITUTION GF BNE 
CLF RY ANOTHER IS MENTIGNED ANC TRE EFFECTS 6F INTERACTION 
PEThEEN CLES IS OISCUSSEC. 


TORO RCE RE REESE EET EES TE CESSES EPSRC RRS AEA SRR RRR ACE oe 2 


STARK, EsAe 747 BROCHURE, COCKPIT MOTIAN, 'GENERAL PRECISIAN, 
INce, LINK GRAULP . SySTewS DIyISi8Nr1, paPER CateD AUGUST 2a, 
196ke 


* ABSTRACT # ‘ 
CACkPyr MO7JON 1S a MauBR SOURCE BF JTNFERMayrON FOR MaANUgl 
FLIGK, CANTROL, wkrlb_e rODAy+S PILATS C9 NOt FLY ENTIRELY By 
tree Seat OF The PAATS!, THEY D8 ResSPA@AKD TA ANC USE MANY AF TH 
SUPrLe CUES PREBUCED BY AIRERAFT MATION, TE MaINTAIN SMBE7H AND 
eFFeCtiye CONTROL, AS A ReSULT, FAITHFUL SIMULATION 8F FLIGHT 
Caner s10Ks REGUIRES ACCURATE REPReSeNp ATION OF CUES 78 COCKPIT 
wATTAN, 78 ASSURE MAXIMUM SiMULATOR UTILITY IN PREPARING PIL@rS 
FAR @PERATIONAL FLIGHT. : 


THe Ce SrGN BF tke COCKPIT MBTIUN SYSTEM FOR The BOEING Z47 SIMU. 
Larae 1s gAsee ON exteNSIve ReSeaRCH [N76 THe PERCEPTION AND 
LythizazrOs BF MAyTAN ee BY PIL@7S,  THRee BASIC PRINCIPLES 
APAL MANTIS PERCEPTION 6F MO@TISN HAVE BEEN TAKEN INTO ACCOUNT 

IN tee SYSTEM'S DESIGN: 


te KUMANS D8 NET SENSE MOTION AS SUCH, BUT BNLY CHANGES IN THE 
Rate aNC CIRECTIAN BF MOTIBN, 


ze CONSTANT BOCY POSITIONS ARSLND THE LONGI TUOJNAL AND LaTeRal 
AXES (ROLL ANC PITCH) ARE SENSED QUITE ACCURATELY aS DEVIATIONS 
FRAM the LPRIGHT, BeCaUse THEY PRA@DUCE CHANGES IN THe DIRECTION 
AF aCCeLeRATIBN OLE 16 GRAVITY.» 


ae MatY ACCELERATIONS WITHIN The RANGe BF AIRCRAFT CAPABILITY 
ARE 768 “MALL TO Be SeENSEC, A CONSTANT AND SIGNIFICANT RATE BF 
TLEN FOR EXAMPLE, CAN PeESULT FROM AN IMPERCEPTIBLE ACCELERATION 
INCLCED BY AN OL TeS8Fe TRIM CONDITION ANC INATTENTION TO THE 
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INSTRUMENTS 6 


TEP 247 SIMULATOR MOTIGN SYSTEM PROVIDES APPROPRIATE CUES IN ALL 
S1x MeGRees OF PREECBT IT PROVIDES The PITCH AND VERTICAL TRAe 
vel Coes aSS8Cratel WIth TakeBFF ROyATION, THe VARIBUS CLIMBING 
at LeteCOwN CANFTGURATIGNS, adC TURBULENCE, I7t PROVIDES THe 
BaXkK giGh&e Clegg PRADLUCEC By UNCBBRDINATeED TURNS AND GY RBUGH 
ATR, atC It RePReSeNTS Tre LATERAL sec er RATIANS ASSOCIATED WITH 
TEEN ENTRY, ANC ReCOveRy, IT ALSE PROVIDES THe LONGITUDINAL AND 
LateRal aCCebeRaTIANS WRICH MaKe UP THe MOST IMMEDIATE INFORMA, 
TISN KeCetvel BY The PILet ~BAbyt RUNWAY C@NDy TIONS IN TAKEOFF, 
LaXt ENG aNC TaXIING, ANC ABOUT THRUST, BRAKE, FLAP, AND STEERING 
FaILUKeS, The MATION SYSTEM PROVIDES THESE cues, WITHIN A LIM, 
ITFEE “ATTON EXvelOPe, BY PRECUCING ebacte AND a ee at aene By_eR 
PeRiACS HF IP COMMERSLRATE WITR THEI ACTUAL OURATIONS IN THe 
aTRCRAF Ty, ANC Ry FADING The CACKPI] 7 TRAVEL pedu lage TO PROOUCE 
tke, ay Rates gelfw THe PILOT'S SeNSORy THReshOLDs, 


Tee OF These meaTran Cles MUST Be SUSTAINED Over EXTEND ED 
Ee&yAcs, 7H yRLLY REL RESENT AIRCRAFy BehAvI8R, PITCH aND ROLL 
aXe clhSpalh_el py rato} G the COCKPIT STATIC, aT The APPROPRI AT 
asGle the VERTICAL aCCgL cRaT16N ACCOMPANYING EXTENDED TURNS [S 
SET SLSpaINeC as SLCK TRRAUGKOLT THe TLRN, HOweveR, BUT IS SIMUe 
LaTe™ TRROLGr a UNTGUE MMBTIBN Searye IS WHICH VARIATIONS IN Seay 
ae. FResstRe syMbl ate the POSIT IVE ANC NeGart{ VE aCCeLeRarI6Ns 
ser Cm Reglly FRM CHANGES IN TURN Rate BR IN Py7Ch CON7REL JN 
TLEN PANTRY, TLPATNG ANU TURN ReECOyeERY, THE «MOTION SEAT, THUS 
PeeM 7S phe PILOT 7A MAINTATN BANK ANGLe AND albtTI TUDE IN TURNS 
wpThiby SPENDING A CISPROPSR TL INagE AMOUNT OF TIME MEN] 7ORING 
Tee FLIGHT INSTRUMERTS« 


tke COCKPIT POT TOR Me Is UNI GUE IN The COMPLETENESS WITH 
aelch ty RePReSehtS THOSE CHARACTERISTICS OF The ATRERAFT Re. 
sleep FAR COMPLeTe FILOT TRAINING, 


PwUERrPPrRBPEOLECEPCEPEC CERES ELEP SPREE TEETER ERC E LEER RRR ERS RRR REE ES 


STARK, Eq Ae 

VST79S BeERCEPTION ANC TERRAIN VISUAL CUgS IN AIR COMBAT SIMULAs 
TIPN. 

(ETNGE« CO, SIMLLATION PRODUCTS DIVISION, BINGHAMTON, Ny Y,) 

Th yPSlak ah wATTONW SyMULATIAN CONFERENCE a DAYTAN bHIe 

AEF IL 2eee%* 1976 

FEACFECINGS (A7€*0S478 4353) NEW YORK, 

AMERICAN INSTITUTE OF AERONAUTICS AND ASTRONAUTICS INCe 19766 
Cc 36"456 


* ABSTRACT # : 
EVALLATIANS bheke MACE OF A TERRAIN vISLAL SIMULATION SYSTEM AND 
A “LL TICAMFARTMENTEC GeSENSITIVE SEAT IN AN AIR COMBAT 
SIMLL «TAR, TheSe SYSTEMS PRAVIDED SOMe BF The CUES ASSOCIATED 
eIT, pIGu PeRFGRMAKCE ATR COMBAT MANEUVERS» A RELATIVELY 
S1¥Fl  CreeCKep REGARD CISFLAY PROVIDED yISUAL CUES WHICH SUPPORTED 
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SEAL ISTIC FRACTICE IN The COATEGAL BF ALTITUDE, ALTITUDE KATE, 
RrALIN’, GRSLAL VELACITY AND RATE BF CLOSURE wIThk ThE SURFACE HF 
TRE SEYLLATED TEGRAIN]e TRE GeSEAT SUPFLEMENTEL CLES PROVIDED BY 
TET FC PCKPIT MATIAN SYSTEM, PERMITTING FINE CONTROL BF SUSTAINED 
ACTLi LATIONS AKC REALISTIC RESFONSE TH MINUTE BUT CRITICAL 
ELICeT FATE ANE ATTITUDE CEVIATIONS:e FACH SYSTEM REPRESENTED 
PREY a FART AF Tre TNFORMATIGN AVAILABLE IN ACTUAL FLIGHT, IN 
IT& ake aA BF STMLLATIAN ANC YET EACK PREVIDED ENGUGH INFORMATION 
Te SLEP ast CAMFLEX FILET PERFORMANCE NEARLY EQUIVALENT TO THAT 
TXPECTFO IN Tre ATRCRAFTe 


PREP ePPe ROSE REP EPEC ESLER ERSTE SERS R ESSA SEER SESE R ERE SR EES EE ESS 


STARK, beAee FACANTI» Ve AND MYRTIMER, Ce STUCY TO CETERMINE 
TREE “EGCUTREMENTS Fok AN EXPERT”ENTAL TRAINING SIMULATION SYSTEMe 
NAVTSADEVCEN 694CeC2C7=9145 "NAVAL TRAINIAG DEVICE CENTER! 

FRUC'CT Abe 8245eAy 19716 


* ABSTRACT * 
TH 'URPSge BF TRIS STLCY WaS TO DESIGN A SIMULATION SYSTEM 
CaF p*ce 8F SLFPARTING HUMAN FACTORS EXPERIMENTS IN THE 
CevplSeMeNT OF TRATNING Device CESIGNS, THe FIRST PHASE OF The 
STLCY CONSISTEC AF A RevIEW OF TASKS PERFORMEC BY The BPERATARS 
Se fF ULR GENERAL TYPES OF MILITARY SYSTEMS, AN ANALYSIS OF 
FEEPLEMS EXPERIENCED IN ThE DEVELOPMENT BF DEVICES FAR TRAINING 
theS, TASKS ANO The IDENTIFICATION OF CeSIGN AREAS IN WHICH 
EXPE TIMENTATIAN IS PEGUIRED, AS PART SF THIS EFFORT, INFORWA, 
TIAN RAN MOBTIAN SIMULATION WAS PRESFENTEC. PARA eel OF 
Secrr9h vit CescRreel Tre MATIAN SYSTEM PROPBSED FER THE 
exPe tIMENTAL TRAINIKG SIMULATION SYSTEM (ETSS). THe Relative 
MERITS BF SYNERGISTIC AND CASCADED MOTISN SYSTEMS Ake BRIEFLY 
CISCLSSeh IN APPENDIX 1, SeveRAL TABLES LIST MOTIEN SYSTEM 
ChKARACTERISTICSS 


TAMLE « = SUMMARIZES MAXIMUM MUTION PARAMETERS, 
g « TYFICaL CrARAC TERISTICS 8F eTSS M6TION SYSTEM 
12 = SUMMARY BF AIRBORNE VEFICLE MOTION SYSTEM CHARACTER. 


STICSs 
hi Wea: FeRTECS aND ANGLES BN TYPICAL VOYAGES (MARINE 


a i te a er 
1 « CHARACTERISTICS SF MOTION FOR U, Sy NAVAL VESSELS, 


Lae 


war errrrrreePrreererereeeeeereeRRES EPS TERE SESSA EAR AAAS EARLE SASS 


STAR, EgAe ANL WILSAN, Get, 'VISUAL AND MATION SIMULATIGN IN 
cNphecy MANEUVERING!#, SINGER SIMULATIEN PRODUCTS LIVISIBN, BINGe 
kaAMTON, NEw YORK, FaPER N@e 739934 AT AIAA VISUAL AND MOTISN 
Sp*lLiatyaN CANFeREMCE, FAL ALTA CALIFARNIA, SEPT 19*129 19736 


* ABSTRACT * 
FrLAr pyaLLaTIAhS weRe MaDe OF AN Foy FLIGHT SIMULATOR WITH A 
Cr “eCRee JF FReelo™ MOTIABN SYSTEM, A TERRAIN VISUAL SYSTEM, 
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ANC a GeSlITe THE EVALLATION MaNgeUveERS ReWUyRED CONTROL CLOSE 
TA Tre ENGES SF The AIRCRAFTS AERA@nYNAMIC AND STRUCTURAL 
FXVELBPESe FILST COMMENTS JNDICATED THAT VERY HIGH FIDELITY 
Mata aRp REQUIRED IN SIMULATING MARGINAL AIRCRAFT op Se uAnCE, 
vTckal CleS ANG MOTTON EN ALL SIX DEGREES OF FREEDOM ARE 

Be GlyReC TA FekMyy CONTROL wIThOUT FxC RSS INE I). STAUMENT 
ReFeteNCe, Cles TO GeFORCES, SUSTAINED ACCELERATION, BUFFET AND 
VIPRaTIEN ARE ReGUIRED 7B PERMIT EFFICIENT CONTROL WITHIN 
STFLCPURAL LIMITS. 


PWwREERTEST PERLE SCEOCE CEES ESSE ET CCRC ETCETERA ERR EEE ED 


STARK, EoAe ANC wILSONe UeMey WRe SIMULATIABN OF VISUAL AND M@e 
TION CLES IN AIR COMBAT MANEUVERING, IN tNaAVAL TRAINING EQUIP. 
MEN, CENTE™ SEPART! [Heez6s PRACEEDINGS OF THE SIXTH NTEC/INDUSe 
TRY CANFERENCEs NOVe 13°154 19736 


PAPER t Mee ae beee PReCeEDUR MPLAYED 
TRE PLRFASE AF TrIS PA {ST 8 H 6 S Y 

IN Tre CeVELORIMENT, EVALUATION INTEGRATION, AN MeBIFICA Ten oF 
the CACKEIT MATISN, TERRAIN uESVAL AND GeSUIT SYSTEMS, AND THe 
May8k FestLrs OF Th EVALLATIAONS OF THe SIMULATOR FOR AIR.TOSAIR 
CREAT (SAAC) conput ret IN 4972-5 THE aes WAS T@ DEVELOP 
CYST MS CaPaBLe BF PR VIDING RelevaNT CUgS FOR AIRTOeAIR 
cAMear, TS EVALLATE ThESE SYSTEMS AND 7A PROGRESSIVELY INTEGRATE 
thew JK7S The SIMULATOR, 


errr err ey WERT EPEC EP ESC OTe ETP PPE EP PPT ETAT TP PPT he 8 


Crcrral COMPUTERS 78 ATO FLIGHT TRAINING, AVIATION 


fresh . 
wR EK SFACE TECKNSLAGYs MARCH y» 1968 PPe 61°678 


K 
ANS 


* ABSTRACT «# 
aaSyTRACT (MITIUN SECTION) 


TWPRNycL MATION SYSTEMS CAN NOw PERMIT A STUDENT TO EXPERIENCE A 
SIMLLATED ySLT T9 ALERT HIM TO DANGER CONDITIBNS SUCH AS A 
SLUTEEN aSyMMeTRIC THRUST BR TO MORE NORMAL SENSORY SIGNALS SUCH 
AS The SLIGHT BLFFETING aCCQMPANYING APPLICATION BF SP@ILERS, OR 
A TrUMP ACCOMPARYING LOWERING 9F The Gear, 


UNTIL Tre CeyeELSPMENT GF New SIxeDEGREE.OF aFREEDOM MOTION SYSTEM 
FeGan, TeeRE WAS NOT MUCH RESEARCH AND NO COMPREHENSIVE BODY OF 
STLEY GF WRAT IS NegOED 16 BROOLCE POSITIVE MOTION CUES, 

ACTPRO ING TO LINK OFFICIALS, 


INTERV ewS WIth STMULAT@R USERS, PILOTS AND INSTRUCTORS AND 
EVALLATINN OF vARIBUS OgGRe¢S SF TRAINING PRODUCED The CONCLUS 
STAR qHaAT FITCH 1S PROBABLY THE MOST IMPARTANT CUE, WITH STHERS 
®F VARYING VALLE, 


tke ARTICL; ALSA CISCLSSES THe IMPARTANCE SF SOME OF THE OTHER 
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CLES aS WELL AS TRE AMELAT OF “STIGN REQUIRED TO PRADUCE VARI@US 
MAVEMEATSe FINALLY, THEY OESCRIPE THE CAPABILITIES OF THE 
747 SIMLLATOR. 


TOweeEPEReTERE SERS ESCES TCO CEC CET ECE EERE RES EER EERE SERRE EES EEE ES 


STEIN, Keue LSAF PLACES NEW STRESS 6N SIMULATORS. AVIATIBN 
hEFK aXcC SPACE TECKNELAGYs YUNE 26% 1972 (PUIG) 


* ABSTRACT * 
K@ APSTRACT GIVEN 


eRe eee Ce eC CPP PC PPR PEP ES ES EPC CAS PCR PASE PRP RPP CR RRR ERR SRR ERE SS 


STEMART, veDe RKUMAN PERCEPTION GF ANGULAR ACCELERATIGN AND [Me 
FLICATIONS IN MATISN SIMLLATION’ AIAA PAPER 70"350s 'ALAA VISUAL 
ANC METIAN SIMULATIGN TECHNBLEGY CONFERENCE', CAPE CANAVERAL, 
FLles “ARCK 16 = 18% 1970 

(ALSA IN Ce OF AIRCRAFT, 19715 84 248%253) 


* ABSTRACT * 
CaTa eh HUMAN SLAVeCTIVE RespONSe TS ANGULAR ACCELERATION 
CallecteC ON THe aMes ManaCaRRYING ROTATION CeviCe ARE ee behtee 
AKC tke IMPLICATIONS BF TheSe Data TO MOTION SIMULATION aRe 
CrsCusset THRESHOLD DaTA HAVE Begh SerAlheD FBR SeveRAL 
Sr TMLLUS uRaTIBAS, THRee AxeS SF ROTATION, ANDO TwO RESPONSE 
IKCTCATSRSe THESE THRESHALDS INDICATE THAT THE AVERAGE PIT 
CaN Pe vERY SENSITIVE TS ANGULAR ACCELERATION, FIRST#ORDER 
APERAy I MaTIONS 78 Tee HUMAN DyNaMyC ReSpPONS—e 76 ANGULAR 
aCCely kat IONS he BB tveo Fram FOUR eRe ete T® AND RESULTING 
TIMe CSNSTANTS yARY FRO 4 79 1¢ SEC DEPENDING 6N The SBSERyERIS 
TASK. Ir [S CeMANS7Ratel tHat a SIMPLE STATIC WASHOUT ae ed 
EGLIRING CON7TNUBUS ROTATIONS AT SUBTHRESHOLD Levels pR6yID_s 
ESSENTIALLY Useless Bi soa oe IN SIMULATOR yRavyel, THE 
APTATIABN IN 7Re aPPaReNy DyNaMIcs Derive? FRew The PSYCHAPHYS] . 
ant Cata SLGGeSy hay SIMULATOR bhaSHOUy HaRaCTe ISTICS MaY Have 
TA br TAILAREE 7A EACH SIMULateEo FLIGHT CONFIGURATION OR 
FrLATING TASK, (aAUTHOP) 


TUPPER ETECITOCOCCOCCLOCOCLOCC CCC CCRC ECCS E SR ERE RAS RSE DSS 


STEWART, w.0, AND CLARK, B, CSRTBLIS FFFECTS CURING PITCH ~ND 
RALL MAKebVERS IN a PIL8TED FLIGRT SIMULATOR, AEROSPACE MEDIL 
CINE', FFB+ 19656 


* ABSTRACT * 
hc PLRFRASe OF ztkYS STUCY Was 78 D RmyNe TH FFeECTS OF SUPRA« 
tha SrKALO Fables dF CoRrare ACCELERATION ON ce PiLeT BF A ° 
FLIGHy SIMULATSR WIth PaRTICULAR ReFeERENCE TO HIS PERCEPTION OF 
pLLLSARy MAyyON gNC KIS POSz7IIN TN SPaCeE, The PARTICULAR 
FARISL IS STIMLLY SeLeCTeO WeRe ThOSE TRAT WOULD Be ANTICIPATED 
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I’ Tee LSE OF TRE AMES FIVE eDEGREESeOF eFREEDOM SIMULATOR IN 
eTLUCtes AF AIRCRAFT AND SPACECRAFT. THREE MODELS @F SIMULATOR 
MATIAK WERE LSEC: RATATION BF ThE COCKPIT AROUND THE Z AXIS AT 
30 FEET FROM Tee CEATER BF RATATIAN, AND PITCH AND ROLL OF THE 
CRCKPIT. TRE CATA CONSISTED BF SUBJECTIVE REPORTS OF APPARENT 
MPTISN AND ESTIMATES SF BODY POSITION. SEVEN EXPERIENCED 6B. 
cei veRS wWRO SkOheD NORMaL PesTeACCELERATION aNC POST, a aga 
TIAN pF ter ErFecrs AF ye? ig 8N THe S}]MULATOR WERE U E » TWO 
wehe ReSpar ‘al ILO67S, ANU THe ITreRS WeRe THe AUTHORS AND THRee 
“eMPERS BF The AMES STAFF. 


THE FREGUENCY AF REPORTS BF CB8RIBLIS EFFECTS ncegASEe AS A 
FUNC T]8N QF syMLL ATOR VeLOCr TY FReM 2 78 r¥ RPM FOR BO@rH PryCH 
aN RALL MaNelveRs, THE FRequeNCY OF Tree CORIOLIS EFFECTS Was 
heARLY 10c PER Cent AT 7 RPM ANC aBAVe, THE DURATION OF THe 
cARTALIS EFFECTS alS® INcCReaSeED aS a FUNCTION OF THE STIMULATOR 
veLACITY, THe CLRATION OF THe EFFECTS FAR PITCk AND ROLL BEING 
ve FY simflaR, The MeaN CURAyr6N oF whe RePORTeD ROtaATION WAS 
thi Py7CH aNC ROLL MaNelyveRS USED, 


TKe ABSERVERS: eS7IMATe SF BADY PASITION TENDED 7O Be VERY CLOS 
TP the Eevgartok be AIS BADY P8StTIeN PRON” THe rRecr ie OF THe. 
ReSll any FORCE aCTING ON HyM UNDER THe VARIOUS EXPERIMENTAL 
cAXt rr tens, Tee SaSeRveRS DID, FOWeveR, TEND yO UNDERESTIMATE 
the vaRrTaTION GF preTR BODY Pésiry N AT THe gel VeLOCItI]ES IN 
aCCBRCANCE WIyt SIMILAR StatIC ESTIMATES, BUT THEY TENDED TO Be 
CL%ce 78 The CARReESPONDING aNGbe at 12 RPM, 


PwEPUPVEOPEEESC TCO OCOCCOCCOCOCC SESS REP eS EEE STEAD YT DD 


StEVYs 4.6 

APPLICATION BF FLIGHT SEMULATION TECHNSLOGY, 
LANGLEY RESEARCH CENTER, LANGLEY STATIBN, VA, 
n7?7*7911749 Sok&ec9e419 19776 


# ABSTRACT *# 
Tr "ByeCTIVe IS TB APPLY SIMULATION TECHNOLOGY TE EXISTING 
FLICkT STIMULATORS TA SUPPORT LANGLEY RESEARCH PROGRAMS, THIS 
RAF wILe cover ROTH [NeK6USe ANC C@NTRaCTUAL gro res WHICH 
ADT RESS CLRRERT CONSTRAINTS fn LANGLEY SIMULATOR EQ 1p Me Ty JN 
the FREMCLAT BN AND yALIOATION BF SIMULATION MATH MODELS, AND IN 
The LINKAGE OF The FARDWARE SOFTWARE SYSTEMS TO PROVIDE, IN THE 
CL8SeD.LSOP PILAT/SIMULATOR ENVIRONMENT, EFFECTIVE SIMULATIONS, 
FCINCIPAL TASKS FOR FYe77 INCLUCE STUDIES BF MODEL REQUIREMENTS 
Fae RGRa SIMLLATION, EVALUATION SF KINESTHETIC CUES FOR OMS, 
CeveLerPMeNT SF IMPROVED REALeTIME SIMULATION COMPUTING 
TECH IGLES FOR THe REALeTIME SIMLLATIGN SYSTEM AND VALIDATION OF 
Tee MAN MACHINE SYSTEMS MODEL FBR ANALYSIS OF FLIGHT SIMULATOR 
ENGINEERING REGLIREMENTS, RESULTS OF THE EFFORT WILL BE 
PACUMEN Teo IN NaSA TECHNICAL N8tes AND CONTRACTOR REPORTS, AND 
aTLL Ge aPPLIEo 76 SIMULATIONS BF INTEREST TS LANGLEY RESEARCH 
CENTER. 


705 





NAVTRAEGUIFCEN IHe298 


PTEr@rPrePreEEEUSESCEE SESE SS SESS CPAP PEP EPSP CREE eee eee eet 


STACDART, SeAe A FLIGHT DYNAMICS FVALUATIGN BF A SINGEReLINK 
CATe2 AS A GLAST @SIMULATBR WITH CONTROL MODIFICATIONS. MasTERis 
THESIS, AVIATI@N RESEARCR LaBee INSTITUTE BF AVIATION», 'UNI VER 
S}TY BF JLLINAIS AT URBANASCHAMPAIGN', REPORT ARL=74013/AF 8SRq 
71°94, AD@731 138, YUN 15716 


* ABSTRACT * 
TRE FLIGHT DYNAMICS OF A SINGER@LINK GENERAL AVIATIBN TRAINER«|D? 
(GAT*2) ARE ANALYZED THE@RETICALLY AND EXPERIMENTALLY T8@ 
DETERMINE THE FIDELITY 6F THE SIMULATISN OF A LIGHT TWIN*ENGINE 
ATRFLANE. THE SIMULATION IS SHOWN TE Be ReEasenaBle FeR 
EXPeR MENTAL FURPOASES, FSBUR CONTROL MADIFCaTIONS, SIDESLIP 
CAMFENSATIAN, LIFT CSMPENSATION, PSSITIONePASITION ROLL 
CARRESPANDENCE, AND FOLLGWeUP TRIM, ARE PRESENTED AND 
PACLMENTECe (ALTRHBR) 


TR ePePrerCECEP RPC RES RESP SEER EPIRA EET ECR ESR ESE RRR RSE RRR EERE 


STINE, Ryhe RICE GUALITY = AN EXPLORATORY STUDY AND CRITERIA 
CEVELGPMENT*® NASA TM#X@719220 19746 


* ABSTRACT *# 

THE LaNGLEeY Sqx CeGReg-OFeFReECSM VISUAL MBTIBN SIMULATOR Was 
Leel 79 MEASURE SUBYECTIVE RESPANSE RATINGS OF RIDE QUALITY OF 
FIGkT SEGMENTS BF FLIGHT HICH, IT WAS JUDGED, WEULD PRODUCE a 
wre aNC RePReSeN tative VARIATION IN COMFORT ESTIMATES. THE 

Euts tNOrCate TRAT The USE SF SIMULa~TORS FBR THIS PURPOSE 
SeeMS PROMISING, THe ALTHOR SUGGESTS CRITERIA FOR RIDE QUALITY 
RaTINGS, BaSerp 8N PSycH6PHKySICAL PRECEPTS. 


TEP EVETTCEOCEOCLCOCSCCCOCC AS ESET CCAS ERE EE EPR S ES SSE RRR RRR SES EES ESS 


S7Ihe Rh, SIMULATOR sTuOyes AND PSYCHOPHYS; Cal R1DeE.CEMF ARy 
MODELS. ‘NASA Trey=3095+ 197650 


* ABSTRACT *# 
a FSYCHAPRYSICAL MODEL TO PREDICT RIDE.~COMFERT WAS DEVELOPED 
LSING FLIGRT ANC SIMULATOR DATA, THE MODEL PRESUMES THAT THe 
COMFART ReESPANSe JS PROFEORTIANAL TO THe LOGAR] THM 6F THE STIMU. 
LLS ABBve SOME TRKRESHOLC VALUE. TO VERIFY THIS CONCEPT OF COM. 
FARy MACELLING, The AUTKAR HAD TO ABTAIN a ohn DATA FOR 
S1NGke Ce GRE OF oF REEDOr RAND@” MOTIONS AND FOR COMBINATIONS OF 
CeGReesePFerReeDAM RANDOM MaTIUNS, ACCARDINGLY, A SIMULATOR 
PRAGRa~M Was UNDERTAKEN 76 MeaSURe SUBJECTIVE COMFERT RESPONSE 
RaTINGS USING 8Ne OcGRee, Joe -DecReES, THRee DEGREES AND SIx 
c Chee Sar «ENEECSY 6F MOTION, AN ANALYSIS 6F THE SINGLE DEGREE} 
SELF peDew CF MOTION, ANALYSIS @F THe SINGLE DEGREE «GF eFREE~ 
CaM Cata IS PReSeNtED, PRELIMINARY MOCELS BF ThE RIDESCOMFORT 
ReSPANSe FOR SINGLE CeGREEwBFeFREEDEM RANDOM METIBNS AND FOR 
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CeFrayh COMBINATIONS BF TWO DEGREES-BF FREEDOM RANDOM MOBTIBNS 
RAVE BREEN CEVELOFEDe 


eCLecerrer rrr rrrrerrerrrerrerrrrrerroercrerircrrr rete ee eer rr e eee eee ec) 


CTFRM, Gele CHLLINS RACITOs DALLAS», TEXASe POSITIONING DEVICE 
CaXTIALBLS IN AZIMUTH AND ELEVATION USING MULTIPLE LINEAR OR]JVES 
FATFAYT \@e 34215-3S91 

rave FILEC = LUNE 294 1964 DATE GRANTED » NOVe 2s 1965 


N@ aAasTRaCT 


TE RAUURSC TOC SSSESSECSS SSL ESSE Pe CREEPS EET ESE TEES TSR REET ET APSE 


STREIFE , ReAe 'SURVEY OF HELICOPTER ANC V/STBL AIRCRAFT SIMULA® 
THE TRAINING'e NAVTRADEVCEN 1753"1Le UeSe NAVAL TRAINING DEVICE 
CENTER, FORT wAShIKGTON, NEW YORK 19666 


* ABSTRACT # 
THT ReSLLTS BF a STUDY 78 OpteRMINE THe DYNaMyC RESPONSE 
CFitcRIa FOR A galt SIMULATOR TRAINE Se ARE PARSE NTE < THE 
FLU'DameNpALS OF Kel yCBPrTeER DYNAMICS, CONTROL AND SIMULATION ARE 
PeSCRTEeC AITKIN THE VARTOUS HELICBPTER FLIGHT REGIMES, 
erFFrCUL TIES LIKELY 76 Be ENCOUNTERED IN DEVELOPING AN ADEQUATE 
LELICOPTER SIMULATTON ARE PRESENTED. 


me TRnCS aNO FROcECLRES FER DETERMINING THE ACCURACY T8 WHICH 
sPeCrF1C CYNAMIC RESPONSE PaRaMeTERS MUST Be SIMULATED ARE 
FRESeNTED. PILOT SENSITIyI TIES ARE OgvelLOPeD FOR EACH 
STENTFICANT MANCLIING QUAL {TIE PARAMETE IN EACK FLIGHT ReGIMe, 
Tee CyNAMIC ATTRIBLTES BF THe PILOTSAIRCRAFT COMBINATION WITH 
ReGAPC TA FACK SPECIFIC PARAMETER ARE DISCRETELY AND COMPREHENS 
SIVELY CISCUSSEC, 


A TetTAILeC CESCRIFTISN 6F HeLIC8PTER EQUATIENS 6F MBTIBN, 
TROEKSFER FUNCTIBNS ANC MODES OF MOTION ARE PRESENTED. THE  , 
FRACTICAL LIMITATIANS BF VARIGYS METHODS AND PROCEDURES FBR 
ERPERAMMING The EFGUATISONS 8F MSTION FOR PILOTED FLIGHT 
S7*LL~aT]AN PLRPG@SES ARE DISCUSSED. 


> 
PPUPEPRPPESTOCOTCCTCCLOCCCSCCCOCSC CSCC SC ESSE ET SRE ERT ETT TF PPh EZ 


SWARSAN, AeMe NOTES GN SIMULATOR INSTRUMENTATION FOR MEASURES 
weNy SF pILOT PRAFIEIENCy. tAIR FORCE PERSONNEL AND TRAINING 
RESEARCk CENTER:, RANDOLPH AFB» Txes TECHe MEMGe ABL © TM#573, 
MAY 159576 


# ABSTRACT *# 
aSSeSsheNT OF PILOT PERFORMaNCE IN AIRCRAFT AND IN FLIGHT 
eri aroRS IS aCCAMPLISKeD BRDINARILY BY HUMAN EVALUATORS, 


r BRSERVING PeERFORMaNCe DyRECTLY AND RECBROING BBSERVATIONS ON 
707 








NAVTRAEQUIPCEN IHe298 


FaPeR FYALLATIO@N FORMS BR FLIGRT CheECKS,. BY EMPLOYING AUTOMATIC 
RECARCIAG EGLIFMENT TA RECBRO SELECTED INDICES 6F PILOT 
FePFacvaNnCe CURING FLIGHT», JT “MAY BE PSSSIBLE TA IMPRBVE 
MEASLREMENT 9F PILOT PREFICJENCY IN SEVERAL WAYS: BY PERMITTING» 
TA SAME EXTENT» ThE SUBSTITUTION BF SBYECTIVE MEASURES; BY 
RECLCING THE LEAD GN TRE KUMAN EVALUATGRs AND BY TAPPING SAURCES 
AF VARIATION IN PILOT PROFICIENCY NAT BBSERVED BY THE HUMAN 
EVALLATBRe 


THE PgvPeR CREW RESEARCR UNIT AT CASTLE AIR FORCE BASE OF ThE 
SFERATSR LABORATORY, AIR FSRCE PERSONNEL AND TRAINING RESEARCH 
CENTER, HAS BEGLN AN INVESTIGATISN OF THE FEASIBILITY OF 
SPTATNIAG FILAT FREFICIENCY MEASURES FROM BSCILLOGRAPHIC RECARDS 
BF FILET PERFORMANCE IN TRE BeS2 SIMULATOR (TYPE S#9)e0 A 
FHATRAN SIX@CRANKNEL SSCILLAGRAPR HAS BEEN PURCKASED TS MAKE 
PRELIMINARY TESTS IN THE INVESTIGATION. THIS PAPER DISCUSSES 
TRE INTEGRATION AF THE RECSRDING EQUIPMENT wITR THE FLIGHT 
SIMLLaTBR ANC Tre CeveLSPMENT GF aA PLAN FOR BBTAINING APPROPRI. 
ATE CATA TA EVALLATE THE UTILITY BF INSTRUMENTATIEN IN THE 
MEASLEEMENT 8F PILET PERFORMANCE IN THe SIMULATOR, (AUTHOR) 


TST ee TPCT Pe CS CEP CPPCC CECT RPP PSEC PPP PSP Pee ee ee ee 


SZALAI, KENNETH ¥,. AERGSPACE ENGINEER, AND DEETS, DWAIN, HEAD, 
CySters aNC SIMULATION NASA FLIGHT RESEARCH CENTER, EDWARDS, CA 


 # ABSTRACT # 
METIABN atl viglal CUg INFLUENCES ON PILOT PERFORMANCE ANU 
APTIAT@N TN ROLL METIGN TASKS WERE INVESTIGATED IN AN AIRBORNE 
erMLLaTeP FLIGHT PROGRAM, HUMAN DESCRIBING FUNCTIONS WERE 
SBTArKeED FRAY A COMPENSATORY TRACKING TASK FOR THREE ROLL 
MaMFING CONDITIONS (LOW, MEDIU“, AND HIGH), ANC THREE SIMULATOR 
CANFYGURATIONS (FLLL MOTIONSVFR, FULL MOTIONwIFR, AND FIXED BASE 
TFR). CrFFeReNCeS IN HUMAN RESPONSE ARE INTERPRETED RELATI ye TA 
MATTAN aNC yISLal STIMULI. PILOT REACTION TE ThE TRACKING TASK 
IN teRMS BF ACTLALLY ENCOUNTERED CRUISE TASKS WAS IMPBRTANT IN 
APPLYING Tre GUaNTITATIVE Data SBrAINEC, IN aCOITIBN, Tre 
ETLArs CANCUCTED KANCLINGeQUALITIES EVALUATIONS SF THE NINE 
CYFFeRENy CASES, Tre GROSS EFFECTS BF MOTIGN AND vySUaAL 
STIMLULT, AS CeTeRMINED BY PILOT COMMENTS AND RATINGS, ARE 
cave age WITk tre CAONCLUSISBNS DRaWN FROM COMPENSATARY TRACKING 


TASK KESULTSe 


ee He HE Eee HHH HH HHH HHHHHHHEH HEHE EE 
TANG, ve, FKELCs Reo» AND YAUNG, LeRoy 'YNTERACTIGN BF VISUALLY 


INELCEC gnD LaBYRINTHINE SENSED POSTURAL TILT+, PRESENTED AT THE 
FSYCRANAMIC SOCIETY, BOSTON, MAe,y NOVEMBER 19746 


K@ ARSTRACT YET 


TOES ERE PCCOCCCCOCCOCOCCOCC£COS OS SPCR SET TAPS RT STP PRPS PO OD SS 
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TAYLOR, RelLe ANC GERBER, Ae, ETe ALe 'STUDY 768 DETERMINE Ree 
GLIREMENTS FAR UNDERGRADUATE PILOT TRAINING ReSeaRCk SIMULATION 
SYStemt, TECHNICAL REPERT AFRRLeTReG8-44s 13 JANUARY 149696 


+ ABSTR a 
TN ARCER 78 PRAVICE A SBUND pest SAEdR the PRePARATION OF 
SFECIFICATISNS peFINING THE REGUIREMENTS FOR THE UNDERGRADUATE 
EYL@7 TRAINING ReSeaRCH SIMULATION SYSrTe_eM pg te A 
CANFREhENSIVE STUDT Wag MAD BF aLL aSPeCyS OF CURREN 
ERA EE TED SI"lLLareR 7 ChNBLBGY AND rH@se TECHNIQUES B 
St¥lLarreN aNC TRAINING WHICH APPEARED 7 OFFER THe GReaTest 
Lytkr7Y FOR ReSeaRCr PURPOSES oFe ANaLYZ¢0 if DETAIL 78 
PeTeRMINe THe FARM and EXTENT BF THe CAPABILITY IN caCH AREA 
(e. G, AIRCRAFT SYSteMS SIMULATION, MOTION SIMULATION, VISUAL, 
SyMLLatran) WRICH shauLe Be SPECIFI¢-D FOR THe FACILITY’. T8 
aSSlRe the AIR FARCE THe WIDEST POSSIBLE LaTi Tue IN ITS 
pe bebe SelLeCrrION OF ThE EQUIPMENTS 78 Be PROVIDED IN THe 
FaCrlr7Y, abteRNative APPRO,ACHES OF VARYING Levels OF 
CaYFLexyTY ARE C ha IN A NUMBER_@F AREAS AND THe TENTATY VE 
FReLuMynaRY C o18e R : IReMeNnrS Set FORTH IN ve AREA AR 
CUAL TET AS eCeSSan 78 BeR™ ry THEM % B F NSyD f ) 1h THe 
LyGkr aF SLBScGLENT oeCys18NS BY rHe AIR FORCE R GaRDING 
Ge Sp ARCE BeugcriVeS, TRAINING CByeCTIVES, AND Level OF 
FXFENCITURE « 


I AND 


POR EPOPEVELITPOTCLOCC COCO TEPC ERE ESTES EE TTT TT TCT TAP 


TKAMAS, BeKes UR, 'tPILOTS SEE VALUE IN TURBULENCE SJMULATION®, 
ay TATION WEEK ANC SPACE TECHNOLEGy, SEPTEMBER 26% 1966¢ 


* ABSTRACT «# 
FEDERAL AVIATION aGeNCYyS ByAgmlc S {MULATION STUDY HeRe OF YET 
rRaRSpORy STABILITY CHARACTERISTICS DURING Se yeRE TURBULENC 
FAS Beet COMPLETED BY 64 PIL@TS WITHOUT ANY LOSSES BF CONTRL 
PCCLRRINGe 


Tee SIMLLATED TURBULENCE PENETRATIONS, A TEST SERIES OF WHICH 
weSe FLOWN BY TRIS AVIATION WEEK AND SPACE TECHNOLOGY PILAT 
aRF concucrEe BK THE NAVY AEROSPACE MECICAL RESEARCH 
LAP@RATORY'S €Q FT CENTRIFUGE USING A BSEING 720 COCKPIT MOCKUP 
Malye C aN a RYCRAULTC SHake 7ABLE WI7kIN THe CENTRIFUGE 
cANCALA, WHILE PERFORMING SIMULATED MANEUVERS, INCLUDING 
MeSCeNDING ANC CLIMBING TURNS, THe TEST SUBJECTS EXPERIENCE 
tTHRee SeveRe TURBULENCE PROFILES DURING AN APPROXIMATELY 

AowMIN FLIGHT. 


Re ACTIGN OF BNE PILOT » + J CAN RECALL ANB OTHER SINGLE EvENT 
TRAT FAS BEEN MORE VALUABLE TO ME AS A PILOT, THE SIMULATION 
PF TURBLLENCE ENCOUNTERES IS EXTREMELY REALISTIC IN THE 
CENTRIFLGE* ThE BOEING 729 COCKPIT IS ADEQUATEs AND THE 
CANTRBL, FORCES, RESPONSE AND STABILITY SF THe CAPSULE ARE 
ReMARKABLY KEFReESENTATI VE SF THE ACTUAL AIRCRAFT! THE PILOT 
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CITEC The MAVOR BENEFITS FRAM HIS PARTICIPATING IN THE STUDY? 
VERIFICATION BF ThE SOUNDNESS SF PRESENTLY PUBLISHED SEVERE 
TURPLLENCE PENETRATION TECHNIGUES AND THE CANFICENCE GAINED BY 
APPLYING TRESE TECKNIGUES AND MAINTAINING CONTROL THREUGRAUT 
THE SEVERE TURBLLEACEe 


PeOereverTECECLCeTrrererercrorr rr ere rertrrrer ec ererer rr er ici caesar yt 


TIESLER, Ge 'TeE PERCEF TIAN BF MATION IN VEH]CLE SJMULATERS!, 
FePEIGN TECKNALSGY CIVISION, WRIGHT=PATTERSON AFB, BHIG>s REPART 
NA@e FTDeHCe29e2782"74~e NOVEMBER 149746 AD BOOY 563k. 


* ABSTRACT «# 
THIS LITERATLRE GIVES A SHORT REVIEW ON PHYSIOLOGY BF MOTISN 
‘PERCEPTION, AS WELL AS THE RESULTING REQUIREMENTS FOR MOTION 
SIMLLATIANe SEVERAL EXAMPLES SF SIMULATORS ARE USED TA PBINT 
BLT TKE NECESS] TV 8F ADAPTING SIMULATION CAPABILITIES 78 
SPECIFIC RESEARCH aND TRAINING PR@BLEMS, ALSO, THe PROBLEM OF 
INTeRACTySNS BE ThEEN VISUAL AND M@yyGN CUES JS DEMBNSTRATED, 
seve exaMPLes FROM BYOCYBERNeTICS ILLUSTRATE THe COMPLEX 
PROCESSING CUES IN MAN, 


wR rrr ERP eC eRe Cee EER SEES ERS EEE TPT ARP CRC ETP PET ERAT 


TOLER, Cees MCINTYREs hes COFFEE, MeoP. SIMULATION OF HELICOPe 
TER aANO v/STBL ALRCRAFT yoke I nel icepTer ANALYSIS weer is 
STLCY, egbaTIONS OF MOTION OF veRT! AL,/SHORT TAKEsOFF AND LAND, 
ING BPERATIONAL FLIGHT/hEAPON SYSTEM TRAINERS, MeELPAR INC, FOR 
THE NAVAL TRAINING DEVICE CENTER, PORT WASHINGTON, Nee 
NAVTRADEYVCEN TECHNICAL REPORT 1205814 SEPTEMBER 19636 


* ABSTRACT * 

HI¢ RePART IS The PREOUCT OF A | PROGRAM O¢S{GNeD ue 
veLeP rhe EGUATIONS 8F MOrION BF A HELICOPTER IN A FORM 
st 1s agt FAR SiMULayr6N USING EITHER aN aNalOg 6R a DIGITAL 
CoMPuren Tee OBvECTIVe SF THE RePART 1S TO PRESENT re 
apReCynan yc AKO DYNAMIC Fel C9 TE QUaTIONS SUPPEReED BY 

CeRivaTlaNns AND a COMPREHENSIVE TSFUSS ION. 


TRE AERBDYNAMC EGUATTONS ARE DEVELePED THRAUGrR A MeDIF ED 
PLACE eleMENT APPRAACH ALTHOUGH GrHeER ALTERNATIVE TECHNIGUES 
aRe cCansyCeReC, The EQUATIONS ARE NOT CENSTRAINED TE A GIVEN, 
PR pA KhLMRER BF GIvEN, FLIGHT CONDITIONS BUT ARE VALIO FOR THE 
ENTIRE FLIGHT ReGiMe INCLUDING FKOVER, TRANSITION, AUTBROTATION, 
THE EFFECTS 8F VARYING ALTITUDE, GROUNC EFFECTS, AND BLADE 
AERGELASTICITY IN TWIST. 


tHe CyNaMIC DeRiyaTION CeveLO@PS A Set BF UNABRIDGED AND 
Sy vet rf lee 5° RE Tens €F TRANSLATIONAL aND ANGULAR RaTES 

SFeCIF ICALLY FOR ~ TANDeM.ROTOR heLICOPTER, The DYNAMIC AND 
AcRO@CYNAMIC EFFECTS BN The HeLICAPTeR RATOR ARe COMBINED TO 
FRACUCE eCLAT Oks T8 DESCRIBE BLADE ACCELERATISBN, VELOCITY, AND 
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FASryTON, WHILE FLAPPING, ay ChOSEN PANTS DURING a ROTATION, 


a teCearckhe IS alLSO PResct7eD FOR GReaLY SIMPLIFYING TH 
eyMeLatpan oF A TANG EM CRO TOR HELICOPEER WHICH ELIMINATES “THe 
KeCesstty SF CONSTRUCTING DETAILED, IDENTICAL PATHEMATICAL 
vMevcelLe FAR The TWe RATBRS. 


the ecbaTIANS CeyebePeD aND PReSeNTeD WITHIN The REPORT Have 
meen ig Te CREATE A CaMPLe Te vaTHeMaT iCal roel. SF BOTH A 

ba tial © ATOR a A TANDEM ROTOR Renter tee AND P BGRaAMMED §N A 
rez EIGrTAL CAMPLTER BVER q WICE RANGE SF FLIGHT CONDITIONS, 
aN" Tre RESULTS WERE VERIFIED, 


fee MREECE REE SSS ES SES. CTS S ESTOS RCSA CETTE PST AT PA TT 


TAVL ISHN, LeR, tC rsClSsy6N BF MerreN syMULaraR REQUIREMENTS, 
PST ING PACUMEAT NBe D6"17755 TN» QUNE 19656 


\@ ABSTRACT GIVEN 
TREC Pee Pere EPROP EUPTEPETR ES ERSTE SCEE EEL ESE SPREE ESET EEE SCE RSE EEE EEE 


TREISMAN, Me MOTION StckNesss AN EVOLUTIONARY HYPOTHESIS. 1SCIa 
FACE, val*® 1972 29 QULY 19774 PRe 493°495° 


* ABSTRACT * 
st\ce Tre 8CCLURRENCe OF yOmrITING AS A RESPONSE 18 MOTION IS 
PATr ,ICeSPRea~D aNC APPARENTLY DISADVANTAGESUS, IT PRESENTS A 
FRAPL-~ FOR Eyolu IONARy THeARY, AN Bidet Ma bs IS PROPBSED 
SLGGe¢STING TRAT MOTION Sickhiess Is TRIGGE BY OLFFICULTIes 
be TC. ARISE IN The PROGRAMMING 8F MOVEMENTS OF THE EYES OR HEAD 
akeN Tee RELATIONS BeTWeeN THe SPATIAL FRAMEWORKS DEFINED BY 
The yISULAL, veESTIBULAR, 6R PROPRIGCEPTI VE INPUTS ARE REPEATEDLY 
ANC UNeRECICTABLY PeERTURBED, SUCH PERTURBATIONS MAY BE 
FESCLCEC BY CERTAIN TYPES BF MUTIBN, OBR BY DISBURBANCES IN 
eeXsary ~NPUT OR METER CONTROL PRADUCEC By INGESTED TEXINSe 
Tee LaST wOULC Be Tee JMPERTANT CAUSE IN NATURE, THE MAIN 
FUNCTTAN GF The EMESIS BEING TO RIO THe INDIVIDUAL 6F INGESTED 
NELR4eTAXINSe [7S OCCURRENCE IN RESPOASE T® MOTION WOULD Be AN 
ACCICENTAL BYePRACUCT SF THIS SyYSTEMe 


PoUrererrerrePTEPERECCOCESOCCEPCECOCES eS CEP eee TER TET ETE EET TD OS 


TEEMEL AY, heGe, BREN,» woke ANC FUTyERWEI Ts Ae APPLICATIAN OF 
rKaRP8nic ANALYSIS IN A STUDY BF TRACKING PERFORMANCE IN THE 
Tyez AIRCRAFT ANC IN CENTRIFUGE AND STATIONARY SIMULATIONS OF 
THAT AIGECRAFT, U.S, NAVAL AIR DEVELOPMENT CENTER, YSHNSVILLE, 
REPPRT NACC#AC#E4Cbe {9Ebe 


* ABSTRACT # 
PYLAy]KC PERFORMANCE IN a C@NTINUBUS TRACKING TASK waS STUDTED 
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' IN AN ATRCRAFT, IN BKUMAN CENTRIFUGE SIMULATISNS CONTROLLED BY A 
| CAMEL TER SIMLLATIAN BF THE AIRCRAFT, AND IN A STATIANARY 
SrMLLATIANe CAKTENUBUS REC@ROS BF ELEVATOR ANC AILERON CBANTREL 
SLAFACE DEFLECTIANS WERE SUBJECTED T8 A POWER SPECTRAL DENSITY 
ANALYSIS, RESULTS INDICATE THAT THERE IS A REDUCTION IN ThE 

if CANTRITHLTIASNS @F RKIGH FREGUENCY COMPONENTS 6F FBWER, 
SUTESSIVFELY, FRAM TRE STATIC SIMLLATIBN TO THE CENTRIFUGE 
SIMLLATISNS, TO TRE AIRCRAFT ITSELFe THE POWER SPECTRAL 
MeNorrTY FUNCTIAN FAR PERFORMANCE IN A CENTRIFUGE SIMULATION IS 
meRe LIke THAT FOR TRE ATRCRAFT THAN IS THE POWER SPECTRAL 
Ce\SI7tyY FLACTION Ih A STATIC SIMULATION, 





MM EEE HHH HEHEHE HEHEHE HH HHT HHH HEHEHE oe ee 


TUFRER, Le ' A REVIEW OF THE EFFECTS 8F VIBRATION 8N PERFOR eS 
MANCE +. AMRL MEMBRANDUM REPORT P#18s BCTOBER 1962-6 


APStRACT NUT AVAILARLE AT TIME SF PUBLICATIBN 
eC ere eS ee eee eee eee CRP Se eT ECC RPP PPR PPR CPS SEPP EP ECP CPE Pe 


VALVeERDCE, Reh. 'FLIGHT SIMULATORS, A REVIEW OF The RESEARCH AND 
CEVELAPMENT!, WRIGHT@PATTERSON AFB, GIO; AEROSPACE MEDICAL 
ReSeakCk LABBRATSRY, AEROSPACE MEDICAL DIVISION, JULY 1968. TECHe 
NICAL REPORT AMRLeTR68"97 0 


* ABSTRACT * 
THIS RePORT PRESENTS A GeNcRAL Review OF THE RESEARCH AND 
CeVeLSPrehT OF FLIGHT SIMULATORS AND RELATED AREAS SPONSORED 
By FILITARY AND OrHee GOVERNMENT AGENCIES SINCE 1949. 
the USe AF SIMULATORS FOR FLIGHT TRAINING IS EMPHASIZED, The 
RePARy Cogs NOt CONSIDER MarHeMat{Cal MeDeis aND SPACE FLIGHT 
er’LLarO@RS, the pOPICS INCLUDE (4) vISUAL AND MO7 ON 
SIMULATION, (2) TRsberEe OF RA ee (3) UTILIZATION AND 
ALUATIASN AN MP S. AN ANNG TA BIBLI@GRAPHY 5F 
Magers i me eat REBAR +s Revigtet 18 INCL D_D FOR EACH OF 
THE ye cs. z E DEFENS Cece eDTATIE CeNteR aCCeSs]Bn 
NUPBER FAR cack 2ePQRy Fs PRAVIOED 76 Fa el rate THE 
aCGlysyp7yON OF » fEROF [LM COPreS 8F DeSyReD DECLMENTS BY UNI TED 
STATES MILITARY AND OTHER GOVERNMENT AGENCIES, 


TWwROEOOCORPPTELCIO ERO CCE S CEES ERE ESE RSE ERS REESE REET EERE SER ARERR ED 


ValveRGe, Rr, 1A A Sd OF FLIGHy SIMULATBR TRANSFER GF TRAINS 
[NG SylCres' ACVaN gD Nl Orvrsr6n AIR FORCE HUMAN Re, 
calRCes LABBRaTBRY, WRIGHTePATTERSON alk FORCE BaSe, HIG, IN 
rHLUMAN FACTORS1, 4973» \8lL 45 (6)» PAGES Si0*523° 


* ABSTRACT * : . 
PETEN SPeRATIONAL EGLIPMENT IS CB eee T8 Be The MOST ) 
FFFeEctI ve ANC VALIGO TRAIQNING ESLIPMENT. HOWEVER» THIS IS Net 
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TRLE IN EVERY INSTANCEe IN FACTs SOMETIMES IT MAY BE 
LNCES]TRABLE T8 LSE REAL EQUIPMENT FOR TRAINING IF SU] TABL 
SIMLLATORS ARE AVAILABLE. 8R EXAMPLE THE LSE OF 8 ERAT TONAL 
EG IPPEN? MAS SeveRal OpsaDvaNTaGes W {CH INCLUDE (3) HIGH COSy 
(2) LIMITATION EN PRACTICe OF vaRt D ASPECTS OF, AN 

=) SAFETYe FRACTICAL DECISIONS IN THe USE 8F TRAINING peviIces 
CeFenD UPON CerhFREM1SeS ervee’ geen’ 1¢ aNd RAINING 
aBueCrI ves, A TRAINER Neg T BUPLICATE SPERATIONAL eGUIPHENT 
TA Bae TRAINING vALUE. TECHNICAL REPORTS PERTAINING TO FLIGHT 
StMLLaTOR TRANSFER OF TRAINING STUDIES AVAILABLE FROM THE 


TeFeNSe P8cumeENTATION ceNTER ARE Reylewe?, 
POUErerePreerISEECCPCEOCLSCSCSCOCCAECLCAET ES Cee ETRE PRESET TTP RE 


VARFPLEsAcEe 

EVALLATISN OF SJMULATBR TRAINING FOR AIRCREWS IN CCT AJReBeaJR 
MANELVERSe 'LSAF TACTICAL aIR COMMAND @PERATIONS ANALYSIS Rew 
FART! KAe 7206 LSAF, HE TAC, LANGLEY AFBs VIRGINIA, FEBRUARY 


19726 


*# ABSTRACT »# 
A TACTICAL_AIR COMMAND PROGcCT EVALUATED yHe USEFULNESS AND 
vAcD Pay 6F SIMUL a 7OR INSq8 Cl ENAGr Becrd FL éBr MaRNEUVERS/AIR 
CAMBay MANEUVERS PRIOR 7B SpUDENT TRAINING IN THE AIR, A TEST 
GRALF gF piney sTLO_NTs R Ge1ved FAUR KAURS OF SIMUL ATOR 
ThSSRUC 7 ON AND pheR Re afNeO The NyNe STUDENTS OF THE CONTREL 
GRALF +e CAMFLeye The ATRWORK PeaSe, ReSULTS OF THe 
GLANTITATI Ve ANC SUBgECTIVE EVALUATION aRe: 


GRACE ANALYSIS, The AveRaGe GRADES OF Th Test GROUP WER 
BeTTER THA THE GRADES BF THe CeNTROL ERBUP, 
TEST GROUP PERFORMANCE IN THe OFFENSIVE 
MANEUVERS WaS SUPERIOR 76 THAT OF The CONTROL 
GROUP, wWheReaS, OeFENSTyELY, BOTH GROUPS WERE 
NEARLY EQUAL. 


INSTRLCTAR PILOT VIEWSeGENERALLY, THE JNSTRUCTOR PILOTS 
PeLlevec THAT The STUDENTS IN THE TEST GROUP 
HAD A MUCH geTTER CONCEPT GF AIR=TOeAIR COMBAT 
MANELVERING THAN DID ThOSE STUDENTS IN THE 
CONTROL GROUP. 


TeSt STLCENT yIehS . THe OMS INSTRUCTION IMpARTED A SENSE OF 
SUPERIOR CAPABILITY OF THE STUDENTS THAT WAS 
NOT wUSTIFIED BY PERFORMANCE, AS A GROUP, ALL 
STUDENTS BELIEVED THE SIMULATOR INSTRUCTION TO 
Pe BENEFICIAL. 


PVERALL. AN AIR.TOSAIR SIMULATOR OF THe DMS TYPE MAY BE AN 
EFFeCTI ve TRAINING AID FOR STUDENT AIRCRAFT 
COMMANDERS, 


WEP POE TTELIOCCEOOCOCCICC COO be 
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v8CL» Fe ‘OIFFERENCES BETWEEN SIMULATIAN AND REAL WORLD AT THE 
IAPRG AIR T8 AIR COMBAT SIMULATOR WITH A WIDE ANGLE VISUAL SYSe 
TEM'. PRESENTED AT AGARD FLIGHT MECHANICS PANEL SPECIALISTS! 
MEFTING AN PILOTED AIRCRAF.T ENVIRONMENT SIMULATION TECHNIQUES, 
PRLSSELS. PELGIUMs, APRIL 24-274 1978¢ 


* ABSTRACT # 
THT TNOUSTRIEANLAGEN@BETRIEBSGESELLSCHAFT IN @TTOBRUNN NEAR 
MUNTCR FAS BUILT AN AIR TO AIR COMBAT SIMULATOR. 


TRERE ake TWA CA@CKPITS, EACH INSIDE A SPHERICaL SCREEN OF 12 M 
CyaAMereR, WHICR SURREBUNDS F,ACH CeacKP]y7 WITH a SOLO ~NGle 86 
crGhry FIVE PER CENT OF FBUR Ple 


FAR arR TO AIR COMBAT SIMULATION IT IS VERY Ore Poul TO INSTALL 
a CARR=CT BPERATING MOTION SYSTEM, SINCE THE PILOTS FLY FRE} 
GLENTLY ALTERNATING HIGR 'Gt L&ADS AND PREGUENTEY ALTERNATING 
Rell ACCELERATIANS THE MeTIgn SYSTEM WaULO GET INTe 'WASH BUT 
FUNCT]ON+e GUICKLY, THE MOTION SYSTEM WAULD Be UNABLe T8 OPERATE 
CAFRECTLY, TheReFORe, We KAveE NO MOTION SYSTEM, BUT a BUFFETING 
SYStrM aNl A feRRECTLY BPERATING GeSYIT TO OFFER aA 1Gr CUE 78 
TKE PILO7Se TRIS EFFECT IS INTENSIFIED BY 'GREY SUT/BLACK BUT! « 
SIMLLATIONs "GREY BUT/ALACK OUT! TS REPRESENTED BY DIMMING ALL 
PPA eCTBRS ANC ILLUMINATION BF INSTRUMENTS AS A FUNCTION OF qYEMe 
AT KIGH 'GISt, Tee CYCLE TIME FER aLlL BARDWARE SERVES IS LOWER 
THAN FIFTY MILLISECONDS aND all SeRv8S aRe SO CEeSiGNeD 76 Have 
The PeSFARMANCe FOR Tee REQUIRED vELOCITIES AND ACCELERATIONS OF 
MEERA FIGHTERS.» 


POE CP EPUUOTESICSCSCCC OS OSES ESE TEP STARR TPP 


vaSy, Leghes KRalsE, HeEes H@HLWECK, Hea AND MaYs ti. MECHaN Cal 
IMPeCaNCe 6F SUPINE HUMANS UNDER SUSTAINED ACCELERATION, 1AEROe 
SPACE MEDICINE’, 44,5 22 1239"128s 1973-6 


* aps react * 
NEASLR,NeNTS oF vhs oh tcrees IMPEDANCE OF TRE SUPINE HUMAN 
PANY weRe CANCUCT T IAVESTIOATE tHe NONLINEARITIES OF THe 
RACY tsrpm A HYDRAULICALLY ORIVeEN SHAKE TABLE WAS INSTALLED 
An a CeRPRIFUGE, TRANSMITTED FORCE AND THe ACCELERATION OF THe 
PLayFeRM, AN WHICH THE SLBJeECTS WeRe LYING, WERE ReCARDED IN 
The FREGUENCY RANGE OF gHZeaQH2, SINUSBIDAL aCCELERATIGN 
AMPLITUCE WAS HELC CONSTANT AT Ce5G_ THE IMPEDANCE AND PHASE 
FeSlLLrs SHOW thar SUSTAINED ACCELERATION UP TO +5Gex STIFFENS 
TEE FLMa~N BOCY wyth JNCREASYNG GeX aND SHIFTS THE RESONANCE 
FREGUENCY FRAY ghz UNDER NORMal GRAVITY TO BHZ UNDER +2Gex AND 
hal Le UP T6 142, Aahz AND 4562 UNDER apcnx +4Gex AND BG ax 
BesFeCrryveb’. The MODULUS QF IMPEDAN 3 GROWS WITH CENTRIFUGE 
aCCeLE RATION, 79 EXPLAIN THeSe FINDINGS A ch ph Song) dake 
FreeNar wOCel is PRAPESEC, rS MANDEL PARAMETERS WeRe COMPUTED 
RY Ray ar ah A TIMIZATIBN PReceDURE, THE BEHAVIOR BF The MadeL 
UNCER SUSTAINED ACCELERATION SHOWS AN INCREASE OF THe EFFECTIVE 
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MASSES NEAR The DRIVING POINT AT THe EXPENSE OF THe UPPER 
vascee, TRE SPRING CONSTANTS ar HE SusSySteM NEA tHe ORI y ING 
FAINT INCREASE WITH +Gex, THE CAMPING COEFFICIENTS DEPEND ON 
vaSS aND SUSTAINE hecelaRarreN, THeSe ReSyltTS SHBy THAT The 
HLM aN BODY BeFsvES NONUINEARLY IN AN EXTREME DYNAMIC 
ehVIROMMENT, AN EXPANSION GF TRE PROBSRED MOCEL To GteaTet 
CeMPLextTY 1S NeCeSSARY 78 exPLAIN ITS REACTIONS TO FORCES FROM 
AyheR CyPeECTIANS ahC 7H TRANSIENTS, 


wRrePrEerrrerrEreEERCCESCPECE SELES SC CREEPER CEE EET REET EE EEE RARER EE SE 


VASS, heAe ‘FIDELITY OF SIMULATION AND PILOT FERFORMANCE!. 
TRAINING CEVICE CEVELGPMENTS.+ NAVTRADEVCEN P=1300946 FEBRUARY 
1965 (A) PPo S12 


* ABSTRACT «# 
; IN 1963, AN EXPERIMENTAL PROGRAM WAS STARTED 76 PROVIDE 
INFERMATTON ON FIDELITY OF SIMULATION aND ITS RELATION Té 
TRANSFER BF TRAINING EFFECTS. CATA WERE COLLECTED BVER A 
FeR16C @F FALR YeaRs USING THe UNTVERSalL DIGITAL OPERATIONAL 
FLIGHT TRAINER TS6L (UDGFFT) AS THE RESEARCH VEHICLE. 


The AIRCRAFT SIMULATED IN ThE EXPERIMENTS WaS A HIGH 
Pe PFARMaNCE SINGLE ENGINE, YET FIGHTER, THE SIMULATOR Was 
FrX¥el Base (N@ MOTION PLATFARM) « 


Tke F;NC NGS BF PhasES THRU 4 SER AUSLY QUESTION THE 
ASSUMP TAN ThaAT ThE st SIMULATSR bor TRAINENG PURP@SES IS The 

| ANE TraT BEARS The CL Sest PHYSICAL RESEMBLENCE 70 THE 

| ATRCR~Fr, “UNCER R 1GeReUSLY CONTROLLE EXPERIMENTAL PROCEDURES 
ANE USTNG PILOT PERFORMANCE aS THe PRIMARY sah athe He aBUR ’ 
PATh CeT AND NONSUET PILOTS TRANSFERRED SUCCESSFULLY TS FUL 
SIMLLaTIAN CONCITIONS AFTER TRAINING BA GREATLY ReEOUCED 
CONCITIANS, MOREBvER, THE PILOTS WERE UNABLE TO Bisc IMUNATE 
UeThees Tee VARYING SIMULATION CONDITIGNS, THESE FINDINGS I 
TheMSeLveS ARe SUGGESTIVE OF SIGNIFICANT COST REDUCTIONS IN THE 
kARCwaSe AND SOFTWARE ASPECTS SF OFT OgyELOPMENTe WHEN RELATE 
T® The EFFECTIVE TIME CONSTANT CONSTRUCT, IT APPEARS LIKELY 
TRAY FURTRER LABARATORY EXPERIMENTATION IN THIS AREA WILL Lead 
TH A NEW APPRBACH TO PERCEPTUAL FIDELJ TY OF SIMULATION IN TH 
Bet, A SROULC ALSé ef N TED THas THES FINO NaS Ake NOT ‘ 
LiI¥tr-0 78 AIRCRAFT SIMULATION BUT AP LS TO ANY VEHICLE 
SIMLLATION FOR TRAINING PURPOSES, 


The FEASIBILITY TeSt OF ADAPTIVE TRAINING WAS A FIRST IN THAT 
Ne SF7 RAC PRevIALSLY Been PROGRAMMED FAR THIS ADVANCED 
TEATNING TECKNSLOGY, IT IS LIKELY THAT COMPUTER CONTROLLED 
ACAFTIve TRAINING WILL Be A TYPICAL FeaTURE 8F FUTURE FLIGHT 
TRAINERS, IN FACT, DEVICE pBa4s THE FIRST UNIT OF THE ARMY 
SyN\phe TIC FLIGHT SYSTEM, INCORPORATES THIS FEATURE. 


FINALLY, THe SLCCESSFUL LSE OF Tke AUDIBevISLAl TRAINER IN 
c TEACHING wET COCKPIT INSTRUMENTATION PAINTS THE WAY TO The 
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MEVELSPMENT 8F SIMILAR [NEXPENSIVE DEVICES FAR EARLY STAGES 
AF TRATATNG IN VERTCLE CONTREL® 


TEPrPCPrEPTCECECSCCOCCOCSOCOS SPREE eRe RES TPC CPP CS PPR AP PCPS TPS Ee 
> 


wAAG, WeLes ERDAWES, E+Eosr FULLER, HeHe AND FULLER, ReRe 
ASLET ALTOMATEL ABYECTIVE PERFSRMANCE SYSTEM, AFHRL-TRe7503, 
WILLIAMS AFB ARTZONA!t FLYING TRAINING DIVIST@N», DECEMBER 1974 


* ABSTRACT *# 
Te RFALJZE ITS FLLL RESEARCH POTENTIAL, A NEED EXISTS FOR The 
REVELBPMENT BF AN ALTAMATED ABVECTIVE PIL@T’ PERFORMANCE EVALUAe 
TIAN sysTe” FBR LSE IN TRE ADVANCED SIMULATION IN UNDERGRADUATE 
PILAT TRAINING (ASLPT) FACILITYs THE PRESENT REPORT DOCUMENTS 
TRE APPRAACH TAKEN FSR TRE DEVELOPMENT @F PERF RRMANCE MEASURES 
aN aLSS FRESEATS DATA CALLECTED FROM TWO PRELIMINARY EVALUATION 
srlcres, THE RESULTS INCICATES? TRAT The coven aoe DERIVED 
MEASURES: (1) CARRELATF HIGHLY WITH INSTRUCTOR RATINGS, AND 
(2) CISCRIMINATE BeTWEEN PILOTS GF DIFFERENT exPERTENCE Levels, 
THESE FINCINGS ape EACALRAGING AND DEMONSTRATE THE POTENTIAL OF 
THE PRESENT AFPRAACr FOR GENERATING THe NegOeED AUTEMaTED 
BPseCrive PILST PERFORMANCE MEASUREMENT SYSTEM, 


‘wre PRPC E COCO ReCEC CeCe PS SPSS eee Ree eee ee ee Te TPCT A eee eT eee 


WALKER, LeAe ANC GALLOWAY ‘FLIGHT FIDELITY EVALUATIEN 6F 
THE TosC OPERATISNAL FU cht TRAINER, DeyICE 2F1091'~ NAVAL AIR 
TEST CENTER» PATLXENTs RIVER, “Ce REPORT NOe NATCHFT#3R075 

AC Boc4 #62@Lse YANLARY 1975¢ j 


* ABSTRACT * 

A FLIGHT FIDELITY EVALUATION BF THE TeaC OPERATIONAL FLIGHT 
TRAINER, CeviCe 2F1013 wAS CONOLCTFO FBR THE OPERATIONAL FLIGHT 
TRAINER MISSTAN, TRIS REPORT PRESENTS rhe CULMINATION 8F mek 
FLYING Gey’ Thee Pe RFGR atte AND MOTIAN ASE cuss OE VE OR INE TAL 
cFFAR, Ch aRaCTERISTI a: 2F1o1 UNIT oe 

TRAL INSFLANT TESTING AND TALLEC AT NAS CHASE F ee THE 
oat seeBatienal FL IGrT TRatne® extiBi ce D BUTS TANO ING POTENTIAL, 
PUT CaNNAT, AS TESTED, SATISFACTORILY PERF ORM 6FT MISSIONS DUE 
78 CANTRAEL SYSTEM RELIABILITY PROBLEMS, 


PUTT eTPPTT TT TTP TEE TTC CeCe Cee ee rer CTE TCI eT eT EST Teri iter ee TT | 


WALLACKs Fe 
THE PERCEPTION SF MATION, ; 
tSCTENTIFIC AMERTICANT, VOL~e 2ols gs JULY 1959- 


—< 


* ABSTRAC ‘ 
sigh er “ LatiVe “Ar ON RE BrInE INTs 1s ai 78 
mikes je BUR vISUalL PeRCePr ON BF MOTION MAY RESULT IN ) 
vistat tL Lsrens. The VISUSLLY rik oF SENSATION 6F EV OCOM8y 10N 
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SEEMS INC AGLrsha~aBlLe FROM rhaT WHICK ARIS FREM KIN H 
eG IFUL ake OR These BECASTONS ByeRWH ims TRER IN ALLBEL TING 
tee GLALTTIES OF MO7IBN AND OF cer 78 URS Eves AND @UR 
cXVTRAKMENT, vishal yi oy we FOLLOWS THe RULE TAT KEEPS THe 
ELERALNCYNG ay Rest aND BeS7ewS MOrrTON UPBN the OBJECT 
SLERALNC EC « 


TWRPERPREPTESSEE SESE EVES ESER ETT CALE SESE TER ECE SESE ERE EES ER ESE EE 


ee CAPABILITIES aF MatyON PLaTFeRMS Fer FLIGHT 
SIFLLATORS*s NAVAL TRAINING EGUIPMENT CENTER, ATR WARFARE ODEs 
FAFTMENRT, wANLARY 1971° 


# ABSTRACT # 
MATTAN SyMULATIBN haS BECOME aN IMPORTANT FEATURE OF CURRENT 
FLIGkr sy¥lLLaTerRs ~a~ND BFERaTyONal FLIGHT TRAINERS « THIS REPERT 
ERESENTS THE CAPABILITIES AND REGUIREMENTS 6F MOTION SIMULATION 
systems wreICh have BEEN BR aRe CURRENTLY BEING PR@CURED BY 
RAVTRACEVCEN, [T IS INTENDED Thay THIS REPBRy wILl pe 
CeNyp Nl ally eae S68 aS T8 AbWaYS Be REPRESENTATIVE OF THe 
AVATLAELE STATE AF the aRT IN C8CKPIT MATION, 


wrrrrrrrrrrrrrrrrererercrerrerOrcercy CTY eceeeeeeeererer rere reer | 


WARCAy 

cvLvahta ELECTREK ICS PRECLCys, INC, 

tree UOAFT FLrGky SIMULATION SYSTEM,! 

AM RL eth 6391536 

65 7CTr Ap RASF ACE MeDICAL ReSeaRCr LABBRATBRIES 
vFIGHTSFATTERSER ape, SRIA 


1S€3¢ 


* ABSTRACT * 
LOIET (LNVERSAL CrGyTAL BPERATSONAL FLYGHT TRAJNER) REPRESENTS 
THT FIRST FULLeSCALE APPLICATI9ABN OF A kJGHeSPEEDs, GENERAL PUR. 
FPSe CIGTTAL CAVMPLTER TS THe REALTIME FLIGHT SIMULATION PROB. 
Le’. THROUGH Tee LSE BSF THe STORED PRAGRAM DIGITAL COMPUTER, 
Sr*LLatIAN OF OJFFERENT AIRCRAFT 1S ACCOMPLIShED BY CHANGING THE 
CAMFLTECR FROGRAM, THIS FLEXIBILITY IS THE Key 78 THE REALIZAe 
TI9N SF ke FULL ADVANTAGES OF TE DIGITAL CONTROL SYSTEM AS 
ceveaReC 75 Te. CONveENTIORAL ANALEG CONTROL SysTen IN THIS APe 
FLICATLAN, PASICALLY, A FKIGHLSPEED GeneRAL PURPSS_e DIGITAL 
CAMEL Toh, The LCBFY C8MFUTER Sroutcke. © AN ADVANCEMENT IN THE 
Te STGN sf FeaLsyime CONTROL CA@MPLTERS, WITH ThE USE BF DUAL, 
ug teen Re RANCSM ACCESS, MAGNETIC CORE MEMORIES» THE BASIC INe 
CFSUCTIEN TIME FAR The LDBFy COMPUTER 1S FIVE MICROSECENDS. Te 
INTERFACE WIT The ANALOG ENVIRONMENT BF A FLIGHT COMPARTMENT, 
Tee LCOSFT COMPUTER IS EGLIPPED WITH A SPECIALSPURPOSE, REALTIME 
TAFLTSSLTPLT CAPABILITY, USE 39F THe CAMPUTER IN A SIMULATION 
CyStew CehMANCeD Tre PREFARATION OF PROGRAMS FOR APPLYING THe 
revels & TS Tee SOLLTIGON SF THE MATHEMATICAL MODEL OF THE REAL 
wWARL™ SYcTEM LhCeR CONSIDERATION, SUCK PROGRAMS WERE WRITTEN 
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FAR TRE FelCCA AND TREE FOFe25 EXTENSIVE QUALIFICATI6N TESTING 
wae FERFARMEC TS ENSURE PRAPER AND COMPLETE SIMULATION OF TRKESE 
ATRCRAFT. 


BH NH EHH HEHEHE HEHEHE 


WARREN, Deoke AND CLEAVER» weTe VISUALSPROPRIACEPTIVE INTERAC. 
TIAN UNCER LARGE AMOUNTS BF CBONFLICTe 'Ue OF EXPERIMENTAL PSYe 
ChILPCYts FOo '2'sy 19715 E0GHC1L4He 


* ABSTRACT «* 
TEE CeGReEe OF CEPENDENCE SF 120 KUMAN ADULT SS 8N VISUAL AND 
FRAERI@CEFTIVE INF PRMATIBN WAS ASSESSED UNDER CaNDITIAONS IN 
aHKICh cs ReCervel CiscRePany INFORMATION aBOly THE AZIMUTH 
FASr 7 IN BF A TARGET. EIAS eFFeCTS BetheeN rhe THE MODALITIES 
wePe MeaslRel SyeR a wile RadGe OF INTRAOUCED CYSCREPANCY, aS 
waS exPecTeD, BOTr PIAS EFFecTS CeCREASED WITH INCREASING 
PISCREPANCY Bethees VISIGN aNO PROPRIGcCEPTION, HOwWeveR, 
SIGNIFICANT BLAS EFFECTS SCCURED EVEN at 60 DEGREES DISCREPANCY. 
AN exeLANATION JNVPLYING SeNSORITANIC eeFECTS wAS ExpLOReD, 
PA@Tr \yISLAL ANC FAINTING ReSpO8NSeS weRe STUDIEC, AND A PBTENTI Aw 
TIAN cFFECT SLGGESTED By PRevISlLS WORK WAS SUPPORTO, FER BETH 
ReSFANSe TYPES, PREFRIOCEP TI Ve INFERMATION WAS ig BIASING AND 
Less Brace’ ara PReyyAlbslyY bal Been FeUND, frIS IFF ERENCE 
wae NySClSsel yh Rec ATION 78 THe MORE aCtive PROPRIGCEPTIVE 
TARGETING MeTRACD LSeO IN THIS EXPERIMENT, 


TCT erTTrT rT CPC ereCrrCrer ee eee eee tee eS eee P A ee el 


wA™ TAN he 

A aLe REGRe eS aF eRegrer CackPyy7 MBT;AN MACHINE FAR FLIGHT 
SyMULariehs, P8Yal ATPCRAFy cSTABLISHMENT TECHNICAL REPORT 
72075 ReCervelC FSR FRINTING APRIL 49726 


+ ACRLBACT f 
seis RePORT CtyeS « Detailed aCCOURT OF THe DgyeLOPMENT OF A 
BACkrne FER FoPRACLCING aIPCRaFy MBqIONS BN gq FLIGHT SIMULATOR 
CeCKPIT. 
the F9LR FReeComs GF tHe MACHINE aRe ACTUATED BY hYDRAULIC 
SEF VE8Ss 
the FGLIPMENT IS PART OF Tre FILOTEO FLIGHT SIJMULATBR USED FOR 
ReSEARCh AND CyyeLAereNy STUDIES IN THe AERODYNAMICS DEPARTMENT 
gF phe ROYAL aLRCRAFT ESTABLISHMENT AT BEDFORD, 
ThE INFORMATIAN FReSeENTED CONCERNS THE ENGINEERING CESIGN AND 
Sey? CR rve CANSTCERATIANS NvSlv_ed, 


A md ied id Bt: 1S GlyeN BF THe CONTROL aNd wey PROCEDURES Used 
WeeR BERATING Thee MACHINE WITHIN THE SIMULATOR FACILITY. 
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TEE LIMITATIONS BF THE FERFARMANCE aCHieVED ake OISCUSSED BETH 
wITh A VIE* TS FINCING WAYS TO IMPROVE THE EXISTING MACHINE, aNd 
TR FRYNy Bly THESE FARTICLLAR ASPECTS OF ga rch WhICH Need 
CaPEFLL ATTENTIAN AND UNCOMPRBMISING IMPLEMENTATION GN ANY 
FLILRE PROVECTe 


Ter rrr rrr ere POPE rerEerI IESE TESOL ES ESET SPECS ESE EEE SESE SEE EE ES 


WATERS, BeKey GRUNZKEy FoMe, IRISH, Pode AND FLLLER, Joh. 
FEELIMINARY INVESTIGATION BF MOTION, vISUAL ANC GeSeaT EFFECTS 
Th Tee ar yaNCeC S{MULaTeR FeR UNCERGRACUATE PILOT TRAINING 
(ASLPT) 

AFRRIL, wTLLIAMS AFB, ARIZONA, SUBMITTED TE THE ATAA VISUAL AND 
MATTIN SIMULATION CONFERENCE APRIL 26028, 1976 


Y @ 8K MP TELCO OF Fa ND GS 

TRIS sTlD VALLA MOyJON LD VIEW (FAV) AND GaSEA 

d Crake ys FSU, UkBeR VARY {NG EKy fRONME TAL COND TT TONS, © Five 
MANel yERS wate FLOWN BY ThRee lo) nag isa) INSTRUCTOR 
FILATS, path SLE UECT fe 72 TAKESFFS, GROUND CONTROLLED 
aFTRApCKES (GCa) a0 LANDINGS AND 360 DEGREES OVERHEAD TRAFFIC 
PaTTeR® a~NC LaNCINGS PLUS a7 SLOh FLIGHTS AND AILERON ROLLS, 
SI¥TVeTRREE CEPERCERNT VARIABLES here MEASURED USING AUTOMATED 
PeRFGRMa~NCe MeaSUREMENT ON BATH SYSTEM BUTPUTS AND PILOT INPUTS, 
SY¥Stew PoRFORMANCE WAS SIGNIFICANTLY BeTTER WITH NO MOTION 

vS.e cytTkeR 3 CeGRees OR ¢ DEGREES QF FREEDOM METIBN, PILOT 
TNPELTS weRe SIGNIFICANTLY SOOTHER UNDER NO ATION CENOITIONS, 
FeRFemManCe UNCER A 150 OEGREE X 300 DgGREE FOV WAS SIGNIFICANTe 
LY BETTER THAR se A ag DeGREE x 48 DEGREE FOVe THE GeSEAT 
IMFRAyCE FeRFARMANCeE CORSISTENTLY, PARTICULARLY UNDER THe 
Livitel Fey, SIGNIFICANT FIRST BRODER INTERACTIONS EMERGED 

Be ThE es F8y ANC GoSeAT FACTORS WITH THe G SEAT MOST BENEFICIAL 

TR SYStem BUTFLT MEASURES WHEN The LIMITED FOy WAS PRESENT. TWO 
Ce ILInGsvISIPILITy x GaSEAT INTERACTIONS RELATED TO PITCH 
CONTE RL AND TWA MOTION x FAY x GeSFAT SHOWED CONSISTENTLY 
STCNTFICANT RESLLTS, STRONG, COASISTENT INTERSUBVECT 

Pe SFAs™anCe CYFFERENCES BeTheeN THE EXPERIENCED PILOT SUBJECTS 
cME RG AN BOTH PILOT INPLT AND SySTEM BUTPUT MEASURES. 


POPUP RPUEPTERESEOCSOCOCCS OOO CC ETP AEE RTS SSE TTT PAE TTT Ah DT 


waTKTNSSNs CeTyy BENDURQNTs Rede aND fee agai D.E, DEVELOPMENT 
PF A .y/sTBL MULTIACREW RESEARCH SIMULATOR, tAIAA yISUAL AND 
“ATION STIMULATION TECHNOLOGY CONFERENCE PAPER! 700356 CAPE Che 
NAVERaLs Fle MAR 469182 19706 


* ABSTRACT # 
TEE FULL TASK ReSeARCK SIMULATOR PLAYS AN IMPORTANT ROLE IN THE 
CREATION BF SALLTIANS TA CONTROL eDISPLAY PROBLEMS By PROVIDING 
tke ESTENTIAL MEANS BF MEASURING THe EFFECTS BF CHANGE OF ONE 
eELFMcAT LFBN The TOTAL FROBLEM WHILE OPERATING UNDER REALISTIC 
COME TTIENS. SLCR A SIMULATOR *AS RECENTLY DgyeLOPED BY THE 
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AIR FaekCre FLIGHT CYNAMICS LABASRATBRY FOR INITIAL APPLICATION 
TAYARE sallTIen BF THE V/STAL IFR CONTRBLeDISPLAY PReBLEM, 
CPNSISTING 8F A Ce135H CBCKPIT» THREE DEGREE BF FREEDOM MBTION 
CYSTEM, TELEVISIAN VISUAL DISPLAY, DIGITAL CAMPUTER, AND AN 
EXPERIMENTER'S CANTRSL CONSALEs THE SIMULATA@R IS THOUGHT TE BE 
LATGLe IN ITS CAPABILITY TE INVESTIGATE THE CONTROL eDISPLAY 
FRAELE*S, INITIAL ChECKSLT ANO SAMPLE STUDIES, CA@NDUCTED 
FRIMARILY TS FFSVIDE A BASELINE OF SIMULATOR PERFORMANCE, HaVE 
CEMARCTRATFO THIS CAPABILITY, HAWEVER, THERE REMAINS A DEFINITE 
KEFC TS QUANTIFY The EFFECTS 8F THE VISUAL AND MOTION CUES UPAN 
THE V/STAL FLIGHT TASKe (AUTHAR) 

i 
HE Me EHH HH HHH He 


wAFERERy EePe : 
THE EFFECT OF SyMLLATAR DYNAMICS AN PILEY RESPONSE. 
NASA CANTRACTAR REPART CRe132459, BCTBBER 19746 


* ABSTRACT * 

THIS RePART PReSeNTS The ResULTS OF AN EXPERIMENTAL sTUDY BF THe 
eFFecys aF vislal DysPLay Dyha™iCs BN phe aby TUCe TRACKING 
PERF eR ance AF a sUBuECr IN A FIXeD.BASe FLIGHT SIMULATOR, THE 
SUPL eC, FLYING The LINcARIZeO LONGITUCINAL EGUATIONS.OF MOTION, 
ATTEMPTED TS MAINTAIN Tre Save AbTITUDe AS TWH ATRPLANES 
PAST TIONEC THReeeFUNDREC Feet AreAD, AS IN Leyel FORMATION 
FLYsKG, The FARTZON TOGETHER WITH THe TWO LeaCING aIRCRaF Ty 
were REPRESENTED SYMBOL Cally 9N q CR DISPLay, THe SUBVECTIS 

TRCS ary WAS CISTURBED BY ayMASPRERTC URBULENCE. VARIOUS 
PANCwIOTHS SF SeCONC.SBRDER DYNAMICS weRe INTERPOSED BETWEEN THe 
tRLE a~TRCRAFT aLTITLUCe AND tee DISPLAYED ALTITLDE; NO CYNAMICS 
tee INTERPOSED TN The ATTITUDE OTSPLAY, EXPERIMENTS WERE RUN 
LSTNG ThA EXPERIENCED PILBtS aNC TW SUBSTANTIALLY DIFFERENT 
LANGryUCyNab EVARMIES FAR THe PrlLeteD alRCRaFy, 


tke Cata INOICATe A ReLaTIONSHIP BETWEEN THE BANOWIDTH OF The 
PrePlL ay DYNahyCs aD HE SHORT eFERI AD CRARAGTENTST ICS OF THe 
Sr™bLagel AIRPLanec, FOR aN AL PANE with A Relatively Fast 
FYTChk ReSPANSe (SFARTePERTSD NATURAL FREQUENCY BF y.g RADIANS, 
eeCene atl DarPING RatTI6 BF C,3g8) ThE PRESENCE GF ALTITUDE 
cISFLA’ pYNAMICS WITH A BANDWICTH AS HIGH AS FIVE TIMES THE 
SRARTIPERISD NaTURAL FReGUENCY CAUSED SIGNIFICANT DgEGRADATIAN 
AE ALTITUCE TRACKING PERFSRMAXCEs WOWEVERs FOR AN AIRCRAFT WITH 
SLOWER FYTCH ReSFANSE (ShART-PERTAD FREGUENCY 6F 266 RADIANS, 
SeC@Nc ANC DAMPING RATIO BF o,54) THE PRESENCE BF THE OISPLAY 
RYNshrcs FAD AA SYGNTFICANT EFFECy UNTIL THE BANOWIDTH Was 
APFRAX IMATELY ThICE THE SKERT»PERT@D NaTURAL FREQUENCY, 


PREP ERUETOEELCTECTOCOCCLOCO LOC ERT eee etter rere S| 
weMPE, TeEs rEF FECTS BF GUSTaINDUCED AND MANELVERING ACCELERAM 

TIAN STRESS AN FILPTaVERICLE PERFORMANCE', AEROSPACE MEDICINE, 

MARCH 1965+ vole 36: 2@46*a55° 
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* ABSTRACT *# 
TRREE PILOTS FERFARMING TERRAINeCLEARAKCE TASK IN CABIN WITH 
SI“LLATED FEAVE ACCELERATIONS. CONCLUSION (BUT NOT A COMPLETE 
CeMANstRaTIONy That C@CKPIT MATION HAS LaRGes7y EFFECT OURING 
FRACTICe, whEN Typ ELIMINATES ANY TENDENCY 76 BVER.CENTREL, 


TRIE Tee ST Se CTP eC PPR SCC LCOS SSS ECT CRE EST TT ECP PT SPP RT EE ETP PTT SF 


WENDT, GeRe VESTIBULAR FUNCTIJBNS,. IN SeSe STEVENS (EDe) 'HANDe 
Se ak AP CEXPERTHENTAL PSYCHOLOGY ', WILEY? NEW YORK, 1981. 


* ABSTRACT *# 
THIS CRAFTER IS A REVIEW OF THE VESTIBULE: THAT PART OF THE EAR 
Tray RespBNDs 7A MATION ~ND PASITIAN, TRE FELLOWING TOPICS ARE 


CAVEREDS 


» ANATOMY OF TRE VESTIBLLAR APPARATUS, 

- acta BF ThE a ae eee CaNalLS aN 8TOLITH BRGANS, 
veSTIAULAR CONTROL GF THe EYES, NeCk MUSCLES, TRUNK, LIMBS, 

ANC pill SYSTEMS. 

ne as) 8 S KN ss 

~ PeedeP ai c aF MOVEMENT AND POSITION VIA THE VESTIBULE, 

&e CAMAGE TO Tre VESTIBULE, 

7, M6CYFIABILy TY BF THe VesTIBLLAR SYSTEMS, 


=a 


aw 


TRWESERPUPTESEIECCCCECC COSC ELLA a a ee he ee ee ee 


we WC bow BPeRaATBR TrReESHALO ValUes RekeVANT FOR THe DeSJGN 
af wane BaSe ErhULaTORS’ tL INK ENBINGERING REPORT! ER. 963, 


7 Mae 1966" 


* ABSTRACT *# 
THIS PAPER CONTAINS SELECTED EXCERPTS FROM 07 PUBLICATIE6NS IN 
The ReSeaRCh LITERATURE, IT WAS DIyIDeD INTO THE FELLOWING 


reFicss 


ANGULAR MOTIGN WITH VISUAL CLES PRESENT. 

Relative CIFFERENTIAL SENSITIVITY FAR MOTION ARGUND 
PERTPRFERAL AXESe 

LIt-eaR PGCE ED ST bea THRESHOLDS 

tNATURALY OF EVERYDAY LINEAR ACCELERATION LEVELS, 
SITFFERENTIAL THRESRMOLOS FOR LINEAR ACCELERATION, 
NISCRIMINATING THe CIRECTION BF ACCELERATIVE FORCES. 


—_— 
e 


» 
. 


ns tod 


t 

7 FSTIMATING LATERAL CISPLACEMENT WITH THE BODY UNDERGEING 
LINEAR ACCELERATIONS, 

ae FSTIMATES BF PITCH ANGLE. 

ec, Tale PITCR AROUND AN AXIS KEKIND The PILOT VSe VERTICAL 


qtraNSLaTION aS ag FER SIMULATION, 

cevEa~RATIVe DaTa ON THRESHSLCS FOR ROTATION. 

aCCLRACY OF ESTIMATES 98F SUBUECTIVe VELOCITIES DURING Lew 
Le VEL ANGULAR ACCELERATI®AN> 

toe ANGLUAR ACCELERATION THRESHBLDS, 
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13* CURATION BF APPLIED ACCELERATIVE FERCES ANC CURATION BF 
AFTER EFFECT. 

14e SEFINITISN SBF 'SLUBLIMINAL ACCELERATJO@N' (ANGULAR) IN 
LABBRATBRY SETTINGS 

166 SELECTED SPECIFIC CBMMENTS 8N MOTION REQUIREMENTS IN THE 
SIMLLATIEON LITERATURE 


eC eee se Se eee ee ee ee eee eee eee eee ee PP PSP PPP RPS Pe See Pee eee 2 


WENDT, Rewe GPERATISN MOTIAN TRRESHOLCS AND m6VING BASE SIMULAe 
TORS: CAMMENTS BN beFe HLDODLESTON, COCKPIT MATION REQUIREMENTS 

FAR FLIGHT SIMULATION» 363 (IAM, BRITISH MIMEGGRAPHED PAPER), 

19 FP. 'ILINK EAXGIKEERIAG REPBRT! ER=8394 1 MAY 19676 


* ABSTRACT + 
THIS FaPeR IS A Review SF HUDDLESTAN'S PAPER WhICk CONTAINS SOME 
6G REFERENCES, TRE MAJSRITY FROM The EARLY OCIS, SOME DATING 
RACK 79 GARLY 1939 KSRK. THE ALTHAR STATES THAT HUDDLESTONIS 
ReFeReNCeS BveRLaP with LINKIS Review 6F THRESHOLD WERK JN 
THIS AREAe (LINK EXGINEERING REPORT EF 7634 WENOT AND COHEN, 
1$66)~- HE ALS6 PAINTS BLT SBME SPECIFIC INCONSISTENCIES WITHIN 
TRE NATA BUDCLESTON GLETES. ThE LABSRATS8RY STUDIES ARE 
CaN 7RaSteO WITH The OPERATIBNAL SETTING, THe CIFFERENCE IN 
CEeTTING, COMByNED WITH Tee MUCH hTGkER APeERaTIGNAL yaSK LAC, 
WILL ete, The EFFECTIVE THRESHELDS BY 4 SUBSTANTIAL AMOUNT, 
THEY wOLLO Be RAISED BY MBRe THAN A FACTOR OF TWH AND QUITE 
FSSSTeBLY, BY a FACTOR &F 49 BR 504 TE WORK WITH HUDDLESTONIS 
caMelL ation, IT MIGkT Be PRACTICAL Te USE THE MAXIMUM VALUES. 


TR rrrT Chee e CPPCC PPP ee Pee eee ee he oe Be eee a i ee eee Bl 


weNCT, Blhey STARK, E,Ag, SIMON, GB, AND COHEN, E€, THE VALUE 
QF CA&CKPIT ep th tN FLIGHT St™ULaTr@N; AN EXPERIMENTAL AP. 
PROaCr, PAPER Read at rAMERTCAN PSYCHOLOGICAL ASSOCIATION), 
spCrre\ eNGrheEF NG PSYCheLeGyY 7, NEW YORK CrTYs, 19616 


* ABSTRACT * 
Lsel , MATION SYSyeh (Mend) ABER ‘TC aTeRAL TRANSLATION [S NOY 

acFigvel, YET CANO ING PERF ARM AKCE AF TRAINED PILOT SUBVECTS Was 
SyENTE ICANTLY OYFFERENT UNDER “STAN AND NANSMETION CS8NOITIBNS, 
A SYNqReTIC VISLaAL DYNAMIC DISPLAY WAS AVAILABLE ALONG WITH THe 


Li"1te> MOTIBN CUES. 
wLLr rrr rTrrrr rrr rrCrr tr eT Pe ePee eee e ee SPECS SRE O e 


WeENCT, BeWey STARK, EeA~ AND SIMON, GB, THE EFFECT OF COCKPIT 
MaTrAN BX ATGET LahOING eure ote WITH tHe LINK Meey TRAINER AND 
A SYNqRe7IC eleCrREONIC RUNWAY DISPLAY, thLINK OJVISTON, HUMAN 
FaCrT9rs DEPARTMeERT!. JAN 1961° 
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* ABSTRACT * 
Ih AN ATTEMPT TS INVESTIGATE EFFECTS OF COCKPIT MOTION IN 
SIMLLATARS» AN EXPERIMENT waS CONDUCTED USING THE LINK Meed JET 
TRAINER rN CANGLACTION Wyo A SYNTHETIC CANTINUBUSLY CeMPUTED 
MySFLAY AF aN aTRPORT aPPRAgCH aND RUNwp~Y LyGhy7 CONF 1GURaT ION, 
sy*% suPcrCTs a as FLYING EXP RIENCE weRe eit THEY WERE 
INSTRUCTEC FO FLY ad ILS aPPRAACr AND 76 VISUALLY MAINTAIN 
FRAFrR GlLIDe SLOF AFTER BREAKOUT, SIMULATED AT APPROXIMATELY 
¢ “tles SEF ORe abchoe Ne abl APEROACHES cere FLOWN WITH A 
trMULateO S1Oe FARCe (WIND) repeeny THUS CAUSING The AIRCRaF 7 
18 CRYFT 79 Tre R1GEr UnLess C NTITNU@USLY COMPENSATED BY 
aPFRAFR Tate CA@NTROL INPLTS, GACk SUBJECT Flew A wale OF 
FRaCT]Ce TRIALS 76 a CRITERION BF TWO CONSECUTIVE LANUINGS ON 
The RUNWAY, TheN ¢XPERIMENTAL DATA WERE OBTAINED FOR EIGHT 
AFFRe,CkeS WIyheLT COCKF] 7 MOTION AND EIGHT APPROACHES WITH 
FOTION, Fre Seebehtes BEING SUITABLY ALTERNATEC, A TWOeCHANNEL 
Sp~NBARS steyer ReCe@ROED PERFARMANCE IN US ee BF OgvIATISN FROM 
RLNhaY CeNTERLING aN au 16, SLOPE, ;OUCHDOWN PBSITIEN AND 


CANTSBL REVERSALS.e 


TRE rath FINDINGS w AS FOLLOWS; WItH8uUT MOTION, A CERTAIN 
Meacle gF DR IFS Wag FOUND og T68 THe t10¢ FORCE, UNDER MOTION, 
tHe CRIF, PeCaMe MARE PRONGUNCEC DURING THe FINAL 4g SeCeNDs 
FRTAR 78 TAUCKDBAN, AT THE save TIME, tHe GLICe SLOPE 

FERFaR™ snCe ChanGeD 7o a SLIGHTLY Me E GR~DUa~L 7OUCHDAWN yHaN 
wat Segh withOly POTION, INDICATING THay The PILOT WAS PaYING 
LarCyte, ae CkaNGe OVER tHe NOMOyION CONDI TIBN WAS NBT 
STATISTICALLY SIENIFICANT TAREN BY ITSELF, 4H mE VER A NeGarl ve 
CARReLaTION Was FOUND BeTWeeN The MaGNy7UDe OF SUCH GLIDe SLOPe 
ChANGES ANC Tee Ke ADING DgviaT {0 Ss. .% E. R The AVERAGE 

PILOT SLBVECT EcvesreD KIS GLID¢ SLOPE PERFORMANCE TRAE 

DIRe CIOs SF MARE GRADUAL Le TDOWN THE Less he COORENEATED FOR 
tke WIKC EFFECT, RESULTING IN A CORRESPANOINGLY LARGER DeyIATION 
FRAW The CENTERLINE, TRIS ¢FFECT WAS PRONGUNCED FOR Flye OUT OF 
CTX SUBCECTS WITR A CORRELATION BF eoe7ye BECAUSE BF CONSIDERA} 
ELe PRISR EXPERIENCE ON The Mewy SIMULATOR WITH THe SIDE FARCE 
CONCITIAN, TRE SIXTH SUByeECT DIC NOT SHOW THE INTERACTION 
PeThee® TRE VERTICAL AND KORIZONTAL COMPONENTS OF PERFORMANCE IN 
THIS STLOY ALTHALGR ASSIMILAR EFFECT HAD BEEN NOTED AT THE 
PeGIAN ING BF ks PRACTICING PERIODS, ThE CORRELATION BETWEEN 
cLICe SLOPE CRANGeE AND READING DEVIATION IS 09039 AND THE 

EXPER TEACED gleLECT Ig INCLUDEC. 


NOT EX LGR INSTANCES 8F CONTROL ReveERSALS WERE oh sue: T6 
EeSéry7 CHECKING The POSSIBLE EFFECTS OF MOTION BN THIS VARIABLE 


The SeSLLTS heRe TAKEN AS EVIDENCE FOR THE MBOEL OF A CONSTANT 
'CRAKNeL CAPACITY? @F Tre OPERATBR INPUTS, APPARENTLY THE 
CyMUL ATOR MOTIBN aCrS AS A STRESS CONDITION WHICH, THROUGH THe 
“ARE REALISTIC CLES PROVIDED, “ILL CAUSE THE PILST TO IMPROyE 
RIS LeTCSWN, AT TKE SYSTEMATIC EXPENSE BF SIMULTANEOUS HEADING 
er-RFORMANCE BR, FOSSIBLE, OTHER SUB.TASKS, 
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EVICENCE FROM BTRER STUCIES IS BRIEFLY OISCUSSED- THE GENERAL 
CAKSEASLS APPEARS TS BE TRKAT MOTIBN IS AT LEAST DESIRABLE IN A 
FLIGky srMLLATSR ANC IS MANDATSRY FAR maNY TRAINING TASKS FOR 
aK TCK SIMLLATBRS ARE USED). FREM DATA BF BTHER STLOIESs, AS WELL 
AS ThIS STUDY, IT APPEARS THAT TkKE TRAINING VALUE 8F MOTION IS 
APPRECTARBLE, IN TRE SENSE SF CREATING MBRE REALISTIC (AND TO 
SAME EXTENT, MORE CIFFICULT) CONDITIONS, THERE WAS N6 BPPBRTUe 
NITY TA TEST TRANSFER EFFECTS FAR THE AIRBORNE PHASES OF FLIGHT 
TRAINING. 


SLR ReCeMMENCATIAN AGLLC Be THAT EMPHASIS BE PLACED ON MbTIOBN JN 
CANKECTIAN, ESPECIALLY WITH THE NBNSROUTINE ASPECTS OF TRAINING 
heETCR aALSS8 CBNTRIBLTE MEST HEAVILY TO BVER*ALL SAFETY. 


SEPA EHR E ER HEEHEHEHEHH HHHHHEHEHHEHHHHHHHHHHe 


WESTBRAAKs, CoB. SIMULATION IN MSDERN AEROeSPACE VEHICLE DESJGNe 
KBRTR ATLANTIC TREATY SRGANIZATION. 'tapviS6ry GROUP FER AERGe 
NALTICAL RESEARCK AND DEVELOPMENT? (AGARD) REPORT 366s APRIL, 


19616 


* ABSTRACT # 
IN The CEeSIGN BF MECERN AcRAeSPACE VEHICLES THE USE OF 
SIMLLATARS HAS BeCOre MARE AND MORE WIDESPReEAC. IN THIS PAPER, 
A Feview IS MaOg BF Tre SIMULATION FaCiLITIgES CBMMONLY USED IN 
THE AIPCRAFT ReSeaRCh AND Dever SPrtENT PROCESS IN THe UNITED 
States, AN AaTteMPT IS MaDe TOY CLASSIFY TheSe FACILITIES AND 7é 
UNO Rg tant HO, ANC WHY TheY ARE NeeDED AND CAme INTO BEING, 
ANO HOW TREY ARE USED, IT IS HOPED THaT THIS COLLECTION 
BF JTNFGRMATIOBN, tke CODIFICaTISNS AND CONCLUSJONS MAY Be OF 
S6_ AcNeFIT 78 THOSE WKE USe AND ARE PLANNING T8 USe SIMULATION 


FACILITIESe 


PeFaRe pec art 1 FURTHER, 3T IS NECESSARY T@ CLARIFY WHAT 1S 
MeANy BY THe WORD SyMUL ATOR, AS CAMMBALY USED BY yaRI6US 

RC yy Duss 8F DIFFERING INTERESTS, IT HAS A Raqher WIDELY 
VARYING DeFIN T16N, FOR tHe PURPOSe BF THIS REPORT, SIMULATORS 
ARe INITIALLY CONSIDERED, IN THe BREAD EST SeNSe, AS FACILITIES 
WeICh WILL a~LLOh aN ANALOG REPRESENTATION BF a PARTICULAR 
CaNrTRAL ebeMeNT, COMBINATION 6F CANTROL ELEMENTS BR THE COMPLETE 
FLICK, cANSREL AIRFRAME PILOT SYSteEM,. THIS WALLO INCLUDE 

Sy*UL a TBRS Ks BBrals PATS SN CO8NTRBL KaRDWARE, the HUMAN PIL6y 
akC ByS OLSPLAY, The AIRFRAME “ITH ELASTICITY, AND THe COMPLETE 
SYSTEM CLASSIFrCarION 8F SIMULATORS IN VARIBLS waYS IS 

FR Rat eo AND EXISTING FaCILItIES DeSCR{BED, CONSIDERATION OF 
THE WyOe SPeCyRUM GF SIMULATORS UNDER HIS BReaD DEFINITION JS 
USEFULL IN GIVING a PERSPECTIVE View OF THE SUBVECT. 


ATTENTION IS_ THEN PaRrICULARLy os AT SIMULATORS USED IN 
THE VARIOUS PhaScs 8F DeyeL@PMeENT OF A TYPICAL VEHICLE. THESE 
pwanes INCLUCE Tee FRELIMINARY DESIGN PHASE» the DETAILED 

K 


DeSIGN ANC DeVELAPMENT PRASE, AND THE EXPERIMENTAL FLIGHT -, 
TEST FRASEs 
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FINALLY SOME TrALGETS ON THe PHyLasePhyY oF Use OF syMULaraRs 
aRe Gfveh aNO a SUMP RY AND ceNclUsTeNs PResehtel, I 


WReESePORP TERE S EPS RESESCE SSE CEP SCRE REESE EPSPS ERPS ERE EERE EET 


weSTeRABK, CoP BACKGREUND BF PyIL6yED SIMUL az7OR OpveLBPMEN 
OTe FARCE Flyer, EYN Mies LABOR ATOR: , Rese ARCH ARO se cHRel day 
Py¥rsg 7ON, REPeky FCCC TM 64~28% AUGe 19646 


PaPCR AR W M pesreec) "prLercD SyMUbarrON 

N ykyS Pap Vv s T Ss A 

PaCicirt $ EarPenEy Esed IN TRe UNT TEO brates TAN ATTEMeT 1s 
Male 76 EL assiFy theSe FaCIlLirleS aNO 76 UN ASTAND HOW AND 
AeY THESE actlirtes AR Meee, AND CaMe INTO BeING aND HeW 
They aARe \sel, sé6Me 7HBUG TS SN THe PRJLOSEPHY OF Use OF 

spo bbaryAN aRe BFF ERED aNd CahCLUSTONS PRESENTED, 


TOWERS RPEPECESELCECECECCS CEOS CESS ORCL EOP EE ESET CETERA EAE 


weve WRITE = SERVO ASSIST BUNGEE 
FATENT NOe 340782594 
FILEL NhO@Ve 18, 196C GRANTEC FEB 26s 1963. 


NF ARSTRACT 
TwRMOPEPTELITEOOCEPCESCEOALIS EES SCALE ESS TES ETT STEER EET PSP RST YD 


weITE, wc PRAY, ReSe AND COOPER, Gee, .PAPER CITED IN SADOFF 
ry» AKO HARBER, Cok, SAEROSPACE ENGINEERING: 1962, : 


; « ABSTRACT # 
SyLCI ES BN rip aad TRaANSpPART STABILITY AND HANDLING DURING 
celise, CaTa FRAY AMES 3C0F (PITCH, ROLL, YAW) AND AMES 50F 
(PTTCh, ROLL, YAW, KEAVE, SWAY) COMPARED TO8 VARIABLE STABILITY 
ATSCRAFT FLIGHT, GENERALLY GA8C AGREEMENT. SOF EXPERIENCE GAVE 
1% 7H POBRER PILA@T RATINGS BF AIRCRAFT THAN 3DF, PROBABLY 
MASTLY CLE TO SWAY MOTIONS, ANC MaDe PILOTS MORE CONFIDENT IN 
GATING CERTAIN CONTROL SITUATIONS, 


PWwREP PRP PERTEOCEVECCICOCOSO OSES ESSE TEPER TT ERTS EO 
arth, M,Ce ANC COAPERs GE, A PILATED SIMULATION STUDY GF Pe 


cRATIONAL ASPECTS SF THE STALL PITCHeUP, AMES RESEARCH CENTER, 
tNASA TECRNICAL NOTE! DegC745 YLLY 19676 


* ABSTRACT # 
o PILAtel SIMLL ATOR STUOY was CA@NOUCTED TO I[NvESTIGATE The 
ETALLINE CRARACTERISTICS OF TRANSPORTeTYPe AIRPLANES WITH 
LOCALIZ,0 INSTABILITIES ASSOCIATED WITH THE PITCHING MOMENT 
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VAFTATIONS AT TRE STALL. PITCRHING=MBMEKT VARIATIONS OF THIS 
GENERAL CLASS WERE FAUNC TS6 BE CB8NDUCIVE TO THE DEVELOPMENT @F 
SEFIALS STALLS KRETKER THE UNSTABLE 'BUMP! IN TRE PITCHING= 
MAMERT VARIATIGN WAS LARGE OBR SMALL, ThE IMPORTANT FACTBRS 
PEEING, RESPECTIVELY, INABILITY TO CHECK THE MOTION, AND LACK 

RFE IACICATISON OF TRE STALL PENETRATION. THE STABILITY LEVEL AT 
ANGLES SF ATTACK ABOVE TRE UNSTABLE BUMP WAS @F PRIMARY 
TYPARTANCE IN DEFINING TRE DEPTH BF STALL PENETRATIOANe FaCTars 
THAT BAC PREVISLSLY PEFN IDENTIFIED AS SIGNIFICANT TO THE 
FRAPLeEM AF CBKTRALLING THE DEEP STALL BF TeTAIL AIRPLANES 
(leBe, TRE INADEGLACY GF ATTITUDE INFA@RMATIEN AND TRE IMPORTANCE 
RF FREMFT ANC SUSTAINED RECOVERY CANTRBL APPLICATION) WERE alse 
ceNstCeReC SIGNIFICANT FAR ThE FITCHINGeM@MENT CHARACTERISTICS 
INVESTIGATED FKERFe (ALTHBR) 


eT rTerrTrrrrrTrerrrrettrrtrrrrrrrcelecrrrrrerrcrrrrrrcrecrrrricrcrcrace. 2) 


we ITE, M.Ces VOMASKE, ReFes MCNEILL, WeEon AND CSBPER, GeEe A 
FRELIMINARY STLCY GF HANOLING.GUALITIES REGUIREMENTS SF SUPER. 
SONIC TRANSPORTS JN hIGkeSPeeD CRUISING FLIGHT USING PILOTED 
SIMLULATARS. 'tNaTIGNAL AERANAUTICS AND SPACE ACMINISTRATION 
TeCeRICAL N8Tet Deyagg, AMES RESEARCH CENTER, MOFFETT FIELD, CA, 


MAY 15436 


* ABSTRACT #* 
rhe DIFFERENT SIMLLATERS Were YSED IN a PILOTED MBTION SIMULATOR 
SylCy 78 SBrarh PReL BitRany HaNCLING.QUALITIES DATA ON A 
SUP ERS ANYC TRaNSFARy, yh CRUISING FLIGHT Ay MaACh NUMBER OF 3,0, 


ReSll +s tNOCate teat FeR CenFIGLRATIONS CURRENTLY BEING 

CBN} cR_ee FAR Tre SUP RSBNIC TRANSPORY, AUGMENTATION @F THe 
RATATTANAL DaMP INE Cra ACTERISTICS 1S LIKELY 78 BE REQUIRED 
ARBLNC aLlL TeRee axeS, Tre ArH ST INCREMENT BEING as FAR 
Thee Yaw AXIS, Tre ETATIC STABILITY CHARACTERISTICS, HOweVER, 
APPEAR T8 pecste Less AUGMENTATION THAN THE CAMPING CHa ACTER. 
rsTICs, at Bap? Ler oF ga THe SyDeSLIP _EXCURS|BNS 


Acie spt | Py LOss 8F THRUST AF AN say bi ha P80D-D ENGINE 
CahzRyPl eel GRearlY 7é ee Reent B.Enes QR DyReC TIONAL CAMPING 
AC TORY HaNOLING,GUALITIES CHARACTERIS« 


ANE SyaBIL ITY, ke SaTIS 
ries CeF [hp FOR , TRANSPORy AIRPLANE BY THIS STUCY DIFFER FROM 
Thce CeFINEC IN PRevIOLS STUDIES OF FIGHTERsTYPE AIRPLANES, 
ANP TNOICATE A Neer F8p A SEPARATE APPRAISAL 8F TRANSPORT 
RANCL ING. GLaLItices REQUIREMENTS, aCCURATE APPRAISAL OF THE 
FFeCrS 8F LARGe DISTURBANCES SF yHe AIRPLANE REQUIRES SIMULATOR 
ee SerL ities tear RePROCUCE TRANSLATIONAL AS well aS ROyATIONAL 
MATIANS» 


TRS CeO TEP EC EPPS CES ESE ETERS ETERS EER SESE REECE SRE RSPR AAR AS DE 


WIkLCAysh, BeC, ANC Dav’, E~ FIDELITY BF SIMULATION IN OPERAS 
TIANAL FLIGHT TRAINERS, PART I: EFFECTIVENESS SF ROUGH AIR SIMs 
LLATION, «SCC TECKNICAL REPBRT 9992203, SPECIAL DEyICES CEN. 
TEP a, CART wASFINGTOANs NEw yOR%s AD@146 998s 24 VANLARY 19546 
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* ABSTRACT * 
ThE PUSFASE AF TRIS STUCY WAS TO INVESTIGATE TRE EFFECT 68F ROUGH 
ATR SIMLLATION SBN BaSIC INSTRUMENT AND RADIG RANGE PROCEDURE 
TEAINING, ThE RESULTS INDICATEC THAT? (1) PERFORMANCE IN ThE 
AISCRa~FT BN RaSTC INSTRUMENT ANC RaDIO RANGE PROCEDURES REVEAL 
NB SIC! IFICANT CIFFERENCES BETHEEN GROUPS TRAJNED WITH ROUGH ayR 
ANT ThASe NOT, (2) NO OJFFERE'NCES WERE FRUND IN NUMBER OF 
FLiGhrs ReGUYREC 78 ea The sYLLaPus, 
(3) PALER AIF SyMLLaTION SeS Seem 79 aDD Re aLISM 76 THe 
TRAT\eR ahC INCREASES SpUCENT ACCEPTANCE BF IT. 


ACC ePyp~PyLITY OF RaINeR 78 STUDENTS aND yRaINING PeRSONNeL 
TEETER OF FL ick: TRAINERS, aCCePraNCe SHOULD a~NO CaN S_ 
ACE-TEVED TRRALGE CEsIGNs WHICH CenTRIBLTE Te TRAININGe RBUGH 
ATF 1S NAT a NECESSARY pote IN BaSIC ges rt AND RaDr6 
NaVIGATIAN TRAINING, ANC [S THEREFORE NOT ECONGMICALLY 


USTIFIEDe 
Toe Ee OP eOPPT ERE SE EP ERP ST CEL SESE PCC REECE ERR ETC ER RE RETESET EE 


aTECAxin, beCy AND CAVY, Es FIDELITY BF SIMULATION IN OPERAS 
TYMRal FLIGHT TRAINERS. PakT If, THe PSYCHALEGICAL CORPORAW 
TION, eePeCtal NevICEeS CENTER TECHNICAL REPORT SOC 999920381. 
rpRy nrASHINGTAR, Lele NeVe 19546 


* ABSTRACT * 
The MayeR FINCING BF THIS STUDY Is THAT FOR The PURPOSE GF 
TEACKING BASIC INSTRUMENT SKILL IN THE SNY AIRCRAFT, THE 
CANTRAL LEADINGS OF ThE SNJ GFT MAY Be vARIED OVER A WIDE 
R,~NGe wpTROUT aFFECTING ThE TRAINING ValLUE OF THE DeEvICE. 
Fiteliry OF PRe SSURe Does NOT Seem 78 pe AN IMPORTANT FACTOR 
IN TRIS KIND BF TRAINING, 


weATE WER NEGATIVE HABITS weRe Cevel@PeC IN THe HIGH ANDO LOw 
FReSSuURe BFTIS heRe PROBABLY NOT CARRIED ty a TO THe AIRCRAFT TO 
as IMPSR-ANT ExpeNt. NO TENDENCIES FOR STUDENTS 79 BVER@CONTROL 
PG UKCERSCANTRAL The AIRCRAFT AS A RESULT OF TRAINING IN A 
FANSTICULAR OFT weRe SBSERVED, NO DIFFERENCES IN FLIGHT 
EPPEICTENCY WERE OBSERVED. A POSSTALE EXPLANATION OF THESE 
FACTS IS TrAT aLL STUDENTS USED IN THIS STUDY FAD HAD 
CA'SIhe hk ARLE exPeRIENCe IN The AIRCRAFT, Tre EFFECT OF THE 

ORI EF RT GD ECRTAG WHICH SOME FleW THe MODIFIED BFT+S WAS NOT 
Cer AT @.NALGH T6 ALTER TrEIR BASIC FLYING SKILLS. ThERE IS 
cy'TenCe TRAT A LOW PRESSLReE LEADING MAKES Tee TRAINER MORE 
TTFFICLLT FOR Thee STUDENT TB FLY, BUT APPARENTLY kKE ADAPTS 18 
THIS pil SBBN BECOMES NORMALLY PROFICIENT IN ThE DEVICEe 


Te rerrrerererrrrevrererrrretTererereriteeei rier tii ii iri tie ree tits | 
+JiKERGAN, bey NORMANy Cyn MATHENY, W,, DEMAREE, R. AND LOWES, 


A 1FILAT Neder Hae TRANSFER 6F TRAINING ANO DEGREE OF SIMe 


LLAgTA* VARTATIONS IN PROGRAM CYCLE TIME AND AERODYNAMIC EQUAe 
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TIPRSte NAVTRACEVCEN 1388825 LeSe NAVAL TRAINING DEVICE CENe 
TER, FORT wASFINGTOAKs NEW YORK» DECEMBER 1965-6 


* ABSTRACT »* 
THIS REFARTs TFE SECOND IN A P?BGRAMs PRESENTS TWO EXPERIMENTS 
MEALIAG WITH FILAT PERFORMANCE» TRANSFER BF TRAINING AND DEGREE 
RF ¢]MULATION,. IN THE STLOTES REPORTEC HEREIN, CURRENTLY 
GLALIFIED weT FIGKTER PILOTS FLEW SPEDIFIED MANEUVERS USING THE 
LNIVERSAL CIGITAL GPERATISNAL FLIGHT TRAINER TA8L (UDBFTT) 
LANTER VARIATIANS BF FRAGRAM CYCLE TIME AND 8F THE AERODYNAMIC 
EGUATIONSe Thu FXPERIMENTS ARE REPORTEDe 


EXPERIMENT SNE INVESTIGATED PILET PERFeRMANCE UNDER PROGRAM 
cYCLe TIMES BF SC AND €3 FILL ISECENDS AND UNDER SETS OF 
aphoeYisare® gevarione SEIN Mele pi iter CeMPLeTe 8 SIMPL IF 160, 
AL TFALGF A PRe@GRaM -RRAR Led 7@ IKCEN LUST Ve R-SUL ts ReGaRDINg 
FRAGR,~M CYCLe TyMes, The LSe OF THE SIMPLIF IFO SET OF geuaT1eNs 
waS Sk3KN TO FAVE NA ADVERSE ¢FFeCT UPAN PILETIN PeRFORMANCE, 


exPeR IMENT Th8 INVEST IBATED THe GUESTIEN OF igs R eR NOT 
asLaee an Be TRAINED SN ReSpRiCteD SIMULATOR ONC TyISNS aNd 
TREN pRaNSFeRReC 7A RealySsryC conbryiens WITH NB SIGNIF ICaNy 
Lase yh FeRFARMahCe, FesqteyCre® CANO TYONS WeRe IDENTIFIED as 
FaVING aN ga MILL TSeCONC PREGRAM ha > TIDE AND A SIMPLIFIED Set 
AF 4 Robyn A IC eGlatIONs, an ACDy7rONal PURPGSE OF EXPERIMENT 
Te Aas 78 ie ae tHe JNCBNCLUS VE FINDINGS OF EXPER INET 6Ne, 
the Reslki ys AF RIS EXP geo OE VEACEC That PIL87S COULD Be 
TRAINED UNDER ReSqh iC re IMULATER CONC; TIONS ANC EFFECTIVELY 
TRANSF RR C°T6 Real rStIC SIMULATOR CONDITIONS WITHOUT ANY 

STENTF ICANT CeCReMenT IN PERFORMANCE. FURTHERMORE, JT WAS 
PeTePMIN- C THAT INCREASEC PROGRAM CyClhe TIME HAD NO ADVERSE 
eFFFecy an FILet FERFARMANCE, 

TPES EU UTPTE BRL ALECC EOC EROS CESAR SET ESE SERRE RE SERRA AES AAS ARR ED 
wtblr~av”S, asC, CR, aN aCeLs6n, *, #'S8ME CONSIDERATIONS IN 
CeCiling apoly tHe CaMplextry %F FL iGHy SIMULaTORS1, US aFpyRC, 
ESE aRCE BULLETIN, S6*1¢6s DECEMBER 1954s DSIS 55/8538° 


* ABSTRACT * 
THIS ReSpa®Cr ELLLe TIN CeSCRIBeS a POSSIBLE MeTHOD FOR 
DETERMINING The CeGRee SF EXxaCTNeSS SF SIMULATION REQUIRED OF a 
FLIER, S]PLUATER, 7S TRIS ¢€ND, CONSTRUCTION BF A VARIABLE 
ChaFaCreSIStIC SyhMLLaTAR 1S PROPOSED; THE SIMULATOR WOULD Have 
26 erREARK ANCE cKAF ACTERISTICS SF THE Te3g AIRCRAFT, AND EACH 
CeaRaCreRISTIC wALLE Be CaPaBle OF VARIATION OVER AN AVERAGE 
SatCr vF Five Sstees, BY Means BF CONTRALLED g~OUUSTMENTS IN The 
er*LL areR, CTFFERING eras *aaeee eF exaC Thess BF SYMULATIGN WEULD 
Fe @Prarhel, TRANSFER BF TRAINING EXPERIMENTS COULD THEN Be 
exec! reC a The SE VARTAUS CSNCYTTIONS WHICH wOLLD PERMIT 
CAPEARISAN AF PERFORMalCe SF STUCENTS TRAINED IN THE SIMULATBR 
ANS then IN The Tagg w1sh PERFORMANCE PF STUDENTS TRAINED BLY 
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Ih the Tegae SPECIFICATIONS FAR He PRAPOSED SIMULATOR aRe 
APPERCEC. 


PT eaREVEPTPTECERPEERPE OEE EEL ESE C EPEC AS ESE PERERA EER REET EET ES 


wrlL Ges, BEVERLY Hy, STANLEY No ROSCOE, AND ROBERT Co Wilh yGese 
SyhtretiC For¢hy TRAINING ReviStt_eD 
FLMAN FACTARS, 19734 15(8)4 543°560 


* ABSTRACT * 
CRITICAL ISSUES IN THE PEVEL OPMENT an ee eF SINTHETIC ae 
TRAINERS ARE REVIEWED, R BF S BN aN ! F 
erhthee tek ARE Cy SCUssec cs key Ces {GN CONS OARAT IONS, TeROB. 
Le’S TN MeASlReMenyT BF BRIGINAL LEARNING, TRANSFER, AND RETEN, 
TISN aRe BRESeNeEC, BOTH Taree EFFeCTIVeNcSS AND COST 
LF e Catone Ss ARe CeSCPrecO aS C i7iCac FACTORS IN the EVALUA, 
TYAN BF FLIGHT TRaINERS, ReCeNt TRAINING INN@VATIONS, SUCH aS 
al Tahar ICally aCaP TIVE TRAINING, COMPUTER,ASSISTED INSTRUCTION, 
cePSSSACAPTI] ve MEASUREMENT OF RESIDUAL KTTENTION, C8MPUTER 
CRAFHICS, rie BOLL TRANSFER per cc ii venees MEASUREMENT, AND 
Sp SFANSe SLRF aCe MeyHODGLOGy, ARE DysCusseD as POTENTIAL TECH, 
NyGles Far IMPROVING eerie FLIGHT TRAINING, IT IS CONCLUS 
tel pray BROACER APPLICATION OF SIMULATION IS BE EaeARY T8 MEET 
Fe New DeMANCS AF PILGy TRAINING, CERTIFICATION, ANO CURRENEY 
aSSLPatce IN aTR pRaNSPORTATIOS, 


PWREUREVEEELEERTEEECELES ER ECEE BAEC E SEITE EEE LEER EERE TEA 


ay-LyGes, RCo, KOPKINS, Cer. AND noses O,ud. eEFFeCrs BF AI Re 
CeaFy STMLLATBR MOTION Cle FIDELITY ON pILet pe RF ERMANCE » 

Cel sch GESELLSCEAFT FLR ORTUNG UND NAyIGATION, NATIONALE 
TAGLNG Ere IMLLATION IM DIENSTE DES vERKEHRS, BREMAN, W, GERe 
wp *¥, FAPER 1,2, APRIL 1975, (IN GERMAN). 


* ABSTRACT *# 
Teo FURFRSE hAS TA FIND wWhkeTheR AND HOW SIMULATOR MOTION CUE 
FICeLITY VARIES WITH THe CESIRED APPLICATION BF A SIMULATOR, 
aFEN The SIMULATOR WAS USED FBR EQUIPMENT DESIGN RESEARCH, 1T 
aS Faln® THay hIGh FIDELITY WASFOUT MOTION (whERE Rave OF ROLL 
RaTreR TRAN BANK ANGLE IS THe INPUT) PRODUCED RESULTS MOST AKIN 
th FLIGHe, hheN THe IFULATBR WAS USED FOR PILOT PROFICIENCY 
aSSeSSMehT, Lb Ss REALISTIC SUSTAINED MOTION (WITH The COCKPIT 
reiEewtke A SEALED DOWN LINEAR aN aE @GUe @F BANK ANGLE AFTER A 
CeRraln rIMe LAG) PROVIDED PILYT PERFORMANCE DATA OF THE HIGHEST 
FEECICTIVE vALLE, WHEN Tke SIMULATOR wAS USED AS A TRATNING OEe 
VICE FIR INFERENCE eREFERENCED MANEUVERS, THE NOeMOATIEN CONDITION 
YI¢leeC AS MLCh TRANSFER AS EITKER BF rhe 6THER SIMULATOR MATION 


rACELS. 


PeUPerrerecrErerePVETECCO CCCP CCRC EE EPEC EE ETT Ph 
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WILLIGESs ReCe AND ROSCBEs SeNe SIMULATOR MBTION IN AVIATION 
SYSTFM CFSIGN RESEARCKe 'AVIATION RESEARCH LABBRATGRY's INSTI e& 
TLTE SF AVIAZSRAN, UNTVERSITY OF ILLINOIS, URBANA» ILLINOIS TECH} 
NICAL PEPORTARL@75=-6/9NR@73-2/AFOSR97303% MAY 197356 PAPER PRE 
SENTEC AT NATS® SEMINAR BN MAN MACHINE RELATIONS, UTRECHT, THE VL 
NETRKFRLANCSs 2803C MAY 19736 


= 


. * ABSTRACT # 

IN TRREE STUCTES, TRE SRCER OF MERIT OF FOUR FLIGRHT=DIRECTOR/ 
ATTITLCESINDICATAR CISPLAYS (MSVING HOF IZBN,s MAVING AIRPLANE, 
FREGUENCYeSEPARATED, ANC KINALUG) WaS ASSESSED UNDER THREE 
CANCITIONS BF SIMULATOR MATION (NO MOTIBNs, NORMAL GaTe2 
SIMLLATOR MOTIHN, AND WASKOUT “BTIGN), AND THE RESULTS WERE 
CahPaRc® TS FLIGHT PERFERMANCE*® CB8MPAR]SENS AMONG THE STUCTES 
he®e MACE TA CEAERMINE WHETHER 8R NAT PERFORMANCE GON Lgtibe J 
PYISFLAY MOCES wWaS NYIFFERENTIALLY AFFECTED BY SIMULATOR MOT 
CLES, ANT IF s@, wraT DEGREES AND FYDELYTY OF SIMULATOR MOTION 
weRE REGUISED Te PRADLCE RESULTS THAT GENERALIZED TO FLIGHT_ 
FeRFARMaNCEs IT WAS CONCLUDED TkaT THe PRESENCE 8R ABSENCE BF 
MATIAK CANNOT BALY AFFECT ABSOLUTE LEVELS @F PERFORMANCE, BuT 
CIFFeERENT GROERS BF MERIT AMONG CISPLays CAN OCCUR, 
SPECIFICALLY, INAPPROPRIATE COCKPIT MOTION MAY BE MORE 
MrSlbea~lyhG Than NO MOTION,” WHEREAS LIMi TED MOTION IN PITCH aND 
Rall yhay CORResrehls CLOSFLY. TO THe ANGULAR aCC RATIONS 

gh un rene? IN FLIGHT MaY Ee SUFFICTENT 76 PREOLCE GeNERALIZABLE 
SeaRCk Cara BN the Relative “eERITS OF FLIGHy DISPLAYS, 

Pe Brrecr BF MATION CUcs ON PILOT gilbert alias, IS COMPLEx, AND 
FateNrIal INteRACTIANS AMONG vISLaL MOy ION CUES, PILOT WERKLOaD, 
PIL@T cXPERIERCE, ANC The DEGREES AND FIDELITY OF MATION 
SyMLLATIAN Negeo FURTHER INVESTIGATION, 


PrEr?TPTRRPEOLECECULOSCE CORE PST CEOS TET EE EET A TCR PRP 2 2 


WILLTSs Yore 

pell FeLyCSpterk CARPARATION, 

Reell eS OF ENGINEERING TEST MA2E ON THe FRANKLIN INSTITUTE 
Teta FLIGky cyMLLATAR, 

FeRr WARTRK, TEXAS 

REPART ABe Dask937c"oCo1s APRIL 19604 4&8 PRP AD236 660 


* ABSTRACT # 
the PURPSSe BF theSe TESTS WAS TO DETERMINE VelLBCiTY LIMITS, 
aCCeLeRaTION LIMITS, MAGNITUDE AND FREGUENCY 6F UNWANTED 
CrGhalLS, FaRTICULAR aTTENTION WAS GIVEN TO ThE LOWER FREQUENCY 
LakGe «xCURSTON SYGRALS FReSeNTECD TA Tree PLATFORM BY THe 
CavMPLreR CURING tee SIMLLATED FLIGHT. IT IS FELT THAT SIGNaLS 
CLCk aS IESE ARE be RePReseNtative OF THe aCTUAL MOTION 6F 
TRE heby OFTEN CONCLUSTONS WERE THAT THE EXISTING DISTANCE 
AVAILABLE FeR acc LeRATION 1S VERY NEAR 8B TIMUM IN MOST 
CRANKeELS, MBS7 BF THe NOISe NOTED HAD a OEFINITE FREGUENCY 
CAMFSRENT SF oc CPS., THe PLATFORM aN FREQUENCY IN MOST 
CkANNELS, IN MOST CASES LARGER SERVO valveS WILL IMPROVE 
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Mrs el vELSCITIES AND pEEEL ERAT ERNS peTalhacla. AS a5 LaARGeSy 
FeRCentaCe SF tee KYORALL] PRESSURE DReP IS PRODUCE ¥ The 
SeFv" valve, WITh VERY LITTLE id ala ReMAINING TG ACCELERATE 
tre Laat, MANY MEDTFICATIONS “eRe MADE TO IMPROVE THe 

FeRFARV ANCE OF tke PLATFERM DURING THe TEST. THE ResULTS SHOWN 
TN TeyS RePARy ReFReSeNzy tHe OPTIMUM BBrAINeD FROM THESE 
MOCTFICATIONS. 


wR T OPP PTE RSOPEPCEPTES ORES EPSPS EAE SEP RPE ERR RETR ERASER RRS ERE EF 


wTLSAN, De ACVANCES IN MOTION PLATFORM SYSTEMS « i tPROCE EO 
TNGS TuBelay SyMPOSTUM BN FLyGHy TRAINING SI UL are s FoR He 
JortSt, 44745 OCTOBER 497¢, THE ROYAL AERBN UTICAL SOCIETY, 

uo KaMyL TAN PLaCe, LeNDAK wITy BEG 


* ABSTRACT # 
h1sCucses THE Hrs7ORY OF M67,8% S1MUL a ON AT &INK sire 7H 
FAnCLUsTON pRay pee FLIGky SyMULa7BR INDUSTRY 7S CaPaBie 8 
ReSyGN NG aN Beacbc NG Rel y,Bl SUL pT FRe Dem MBTyON s¥stpHs 
WRICh FULFIL phe pa e CUNTCAL AND 8PeRaTIONAL REQUIREMENTS, 
hBacveR, It IS sod 2 OUy pHaT 786 Lityle IS KNOWN ABOUT THe 

Re ac WeRLC ReLatIONSRIP BeTWeeN MATION dues, PILGT REACTION AND 
INSTRUMCHT RESPONSES PARTICULARLY IN The REGIME OF SMALL 

eACK TL Ee Pe TURE AT IONS FROM STEADY State FLIGHT CONDITIONS, 


ts ally ON, YF al ADvaNCeS aRe 78 Be MaDe IN MOTION SYSTEM 
cFFeCyIVeNeSS, INDUSTRY ReQurRes MUEH mMeRe DATA RELATING 18 THe 
eLYEraLabrCal ahO PsYCHeL6G;Cal asPrCrs aF PIL@7 ReSPO@NSe Te 
ATRCRaFy MOTION, 


WRC UPEVERELESTOESCLEOSCOC ECL O CEES CERES ECE SE PEE SEE RTECS RAS RT 


WITKIN, KA, «PERCEPTION SF BECY PBSITION AND OF THe POSITION 
SF yee yrSbal FyELOre  sPSYCHALOG;CalL MBNBGRa~aM1 NOBe 3024 1949¢ 


* ABSTRACT * 
IX FREER TH FeRMIT AN INVESTIGATION OF THe FACTORS INVOLyED IN 
FERCeeTION OF Tre POSITION OF Tre BADY AND OF THE FIELD AS A 
ehele, ANC IN BRODER TA INVESTIGAT ARIENTATIBN UNDER MORE 
SaTlRalL CONOITIANS THAN TKS US 5 IN PReyl6uUS STUBreS BF THIS 
SeSies, A New KIND BF AFPARATUS WAS De vELOPeD FAR THIS STUDY, 
1HTS ~PRARATLS CONSISTED BF a SMALL ROEM WHICH CBULD Be TILTED 
T? LeFT ANG RIGHT, WITHIN WHICH WAS A ChAIR WRICH COULD ALS@ 
cp tThetec TA LEFT AND RIGHT, USING THIS APPARATUS JT WAS 
cSTAALISHEC, FIRST OF ALL, FBR A GROUP BF 45 SS» THAT WITH 
“PyeMeNT OF Tre ROBY THERE wAS INDUCED IN MOST PEOPLE, A STRONG 
TLLLSTSN EF POCY MOVEMENT, IN ANOTHER SYSTEMATIC SERIES OF 
TeSTS CARRIED OLT BN A GROUP BF sy SS, THE ROAM AND BODY WERE 
tT Ttial LY TILtEC, ANO Tree S WAS REQUIREO TE BRING THE 8NE GR THE 
aimee 16 Tee LFRIGHT PASITION, IN STRAIGHTENING THE ROOM, 
theRe «aS A GeNeRal TENE ERC Y 73 UNDERESTIMATE ITS TILT, SO THAT 
Tr wAS AFTEN FeRCeTveO aS UPRIGHT EVEN IN VERY TILTED POSITIONS. 
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TRERE wERE IMPORTANT INCIVIDUAL CIFFERENCES IN THIS REGARD, 
FAKEVES, WITR SAME SS TENDING TG PERCEIVE THE RO68M AS STRAIGHT 
FYEN AT ITS INITIAL TILT, AND 3TKERS AT THE OPPOSITE EXTREME, 
FRAVING ABLE TA PRING TRE RABM TO WITHIN A FEw DEGREES 6F THE 
LERTGET FOSITIGN. IN STRAIGHTENING TRE BEDY, IT WAS FOUND THaT 
THF ACULSTMENT WAS PASEC NOT ANLY SN PSSTURAL EXPERIENCES 
(ELIMINATING FRESSURES AGAINST The SIDE) BUT aLSB ON VISUAL 
IMERESSTANS (RAVING TRE BBDY APPEAF STRAIGHT JIN RELATIBN TE 
TEE SURRAL*DIAG FIELO)>+ IN FACT, IT WAS ESTABLISHED IN A STUDY 
LSING 46 SS TRAT IN SOME CASES» PRESSURES BF FAIRLY LARGE 
MAGNITUCE WENT UNCETECTEL AS A RESULT 8F THE VISUAL IMPRESS]6N 
TRAT TRE BSDY waS UFRIGRTe  IMPERTANT JNOIVIDUAL OIFFERENCES 
we®e aGaIN FOLAC JN TRE PERCEPTIAN AF BSDY PASITIOGN. WHERE SOME 
Sf weRe ABLE TO BRING Tre RADY VERY CLASE TS THE UPRIGHT 
FASTTIAN, REGARCLESS OF ThE TILT OF THE SURRAUNDING ROEM, 
ptkeRs teNCel Ta BRING The BBDY INTO ALIGNMENT WITH THE 
tit yec Feld is MAKING [7 S7TRAIGFT. pia eae OF THe sCoéRes 
ApTAINeC UNDER Tee vARTOUS EXPERIMENTAL CONDI TISNS USED INOICaTeE 
TRAY TheRE IS SOME CANSISTENCY IN PERFORMANCE, MORE 
SPECIFICALLY, IN Tee EXTENT TO WHICH PeRCEPTIBN OF THE EXTERNAL 
LER Gey aNC AF BOCY PBSITIEN ARE [NFLUPNCED BYoT ee IMMEDI ate 
vVISLaAL FIglD, IT FAS ALSS BEEN FBUND JRAT SOME SS NOT GNLY MaKe 
Laker cRRORS IN The IR ESTIMATES EF THe POSITION OF THE REBGM AND 
Paty, Buy THEY aLS@ EXPERIENCE GReat DIFFICULTY IN MAKING 
LreMeNtS. IN SOME CASES, SS EVEN BECAME ILL, EVIDENCE IS 
ReSet tel FROM a STLOY BF 4s SS WHICH INOICATES THAT THE 
TLUNESS waAS CLpSeC BY A LOSS BF BRreNTa~TION, FINALLY, AN 
ANALYSIS SF SOM_e 6F THe STUPID ERRORS MADE IN The SOLUTIEBN 
Fe theSe SRIENTATION TESTS INDICATES TrAT THEIR BASIS LIES NBT 
IN A tLACK 93F INTELLIGENCE' BUT IN AN INDIVIDUALTS PARTICULAR 
weCe eF PERCEIVING THE SITUATION, OR IN THE SUPPRESSION OF 
CeRTAIN FXPERIENCES UNDER CANDITIONS OF SENSORY CONFLICT, 


HHH HH EH TEST CCC CCC CSCC CPT CCC OPP CP eC Pe PP RPP PSS eT eS 


hITKIN, ReAs PERCERTION BF THE LPRIGHT WHEN The CIRECTION OF 
tee FSRCe ACTING UPON Tre BADY IS CHANGED, 1+ySURNAL OF EXPERI. 
MENTAL PSYCHELEGYt» 19504 40s 93°106° 


* ABSTRACT * 
AS AN exteNSTON BF EARLIER STUDIES IN weICH ThE VISUAL BASIS 
FAR Pp BEET ran RF tee UPRIGHT WAS ALTERED IN BASIC FASHION, THe 
FPESENT STLOY INVESTIGATED THe EFFECT SF A BASIC CHANGE IN THE 
FAS7URAL CeTeERMINANTS OF THe PERCEIVED UPRIGHT. TO ACCOMPLISH 
CLCk g CHANGE [N POSTURAL FaCTORS, tHe SUBJECT WAS ROTATED abOUT 
s CIRCLLAR Pate, S& TRAT THe EFFECTIVE FORCE ACTING ON HIS BADY 
waS ShkyFreC FROM tke TRLE UPRISkT, a~ND NOW CORRESPONDED IN 
CyPeCrren Te qke RESULTANT BeT*EEN THE DOWNWARD PULL 6F GRayITY 
aC Tee LATERALLYSACTING CENTRIFUGAL FARCE, OURING ROTATION 
THE SLeueCT haS SeaTeD IN A FULLY ENCLOSED ROBM, AND HIS TASK 
hac re AB UST A RBO BN ITS FRONT wALL 76 THE TRUE biel AND 
KAR IZ8NtalL,. TESTS WERE CONDUCTED at TwO SPEEDS OF ROTATION 
ARC AT gACk SFeEC Tee SLBUECT WAS TESTED BETH WITH A VISUAL 
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FIELD aht AITRALT A VISLAL FIELD. aA TOTAL SF 25g SUBJECTS 
SpFyel ph THe vARTOUS EXPERIMENTS REPORTED HERE, 


T7 wag FSENC, FIRS7 OF abl, THAT WeeN aN UPRIGHT VISUAL FIELD 
eae PReSoNT, A SKIFT IN The FORCE ACTING ON THe BODY Had a vERY 
SPALL cFF ECT BN The PecceiveD UPRIGHT, AT ane LOwek Sree ) 
“HTATIOBN, alTh The FORCE ON THE BEDY SHIFTED BY 20.5 DEGREES, 
the ¢RRAR IN al USTING The RAD TO THe VeRTICAL AND HORIZONTAL 
waS FNLY goa CeGReeS (TRAT 1S, THe ROD waS OFF BY THAT 

ArGi hy EROS ThE AXES OF the Flgse, G5 FROM The TRUE VERTICAL 

Ane ee TZeNTAL), aT TH Pigte: SPeeag Mit The FO ee EN i 
Rely ckrFTeO BY 33504 eGRees, The ERROR JN ADJUSTING THE ROD waS 
PRLY 603 REGREES. THUS, UNpeR CANDITIANS 6F CONFLICT BETWEEN 
viSlal ar PO@S7LRaL DeTeRMINANTS BF THe PeRCelveD UPRIGHT, THe 
FaaMeR PROVED WARE IMBOR TANT, IN tHe ABSENCE BF A VISUAL 

Fiele SHIFTING the FORCe 3N THe BODY sHREUGH ROTATION HAD A 
wUCp sReaTeR gFFeCT ON Tre PERCEIVED UPRIGHT, AT THe LOWER 
seer, THe MeaN eRRAR IN ADJUSTING THe RAD ROSE TO 10¢7 DEGREES, 
at AT TE hi gke Spepe 78 24e? DeGR ES. N67 ONL y 010 RemSyab 
ar the FrebO Leal te CAaRGeR ERRORS IN the SeTTING OF THe ROD, 
ALT IN MaST CaSeES IT ALSG CAUSEC THE BacY ITSELF Te Feel MeRE 
TILTECe 


MaPeeD yNCrypCual CyPFeReNCes “eRe FOUND aMONG SYBYyECTS IN 
vaNReR AF essa@C TBH ING tee GPR reHe, DURING RevatIONs BeTH WITH 

a VISLAL FIeELC aNC IN ITS aBSeNCe, WITh A VISWAL FIELD PRESENT, 
FAP cxaMPlLe, SQ shay A CONFLICT EXISTEC BETWEEN THe VISUALLY 

ah” FASTUR ACL thCrCarel UPRIGhTS, sOM—- SUBJECTS PERCEIVED THe | 
Frrls ag FULLY EReCy, antl SyMPLY gl yGNeD tHe ROD WITH ITS MaIN 
AXES, FAR atheR SUBvECTS THE FORCE ACTING ON THe BODY Had a 
MLCk gyRanGeR CFF ECT, A TCALL CAUS[NG the 6BJ¢E TiveLY UPRIGHT 
Felt ITSELF 15 APPEAR TILTED, AND LEADING TO ADJUSTMENTS OF THe 
"AP weICK MORe NEARLY CanraRM C WITH The DIRECTION BF THIS 
Fake. hE CBNCLUs19N PREVIAUSLY REPORTED BY MACH, THAT 
FaS7TURAL FACTARS aFe PRIMARY IN PERCEPTION BF THE UPRIGHT, WHICH 
re IN CANTRACTCTION TA the FINOUINGS BF THE PRESENT STUDY, SEEMS 
re Be Aaces LEBK The FACT THAT Fe GENERALIZED FROM RESULTS 
“PTATNED WITR The LATTER TYPE UF SUBYECT ALONE. 


PWRERPORERETCICTCOCOCCCICC CCC Cee ER CPC eT SS ST ETP ST) 


sTTeIh, beAs FURTHER STUDIES SF PERCEPTION OF The UPRIGHT WHEN 
Thre CyeeCTIGN AF The ites ACTING UP6N THe BEDY IS CHANGED, 
roTLE NAL BF EXPERIMENTAL PSYCHSLEGY's 19520 43% 99206 


* ABSTRACT «# 
CLEFLEMENTING AN EARLIER STUDY BF PERCEPTION OF THe POSITION OF 
An, PTE WITHIN A F reco CURING ROTATION (1,6, OURING DISPLACE} 
MENT SF TeE CIRECTICENX SF THE FORCE ACTING 8N THE BODY)», THIS 
STLOY INyESTIGATEC The EFFECT IF ROTATIGN UPGN PERCEPTION GF THE 
FASrry9n OF The PACY ITSELF ANO SF THE SURROUNDING FIELD, 
tee gPPahaTUS CeNSISTeED BF az SMALL FULLYsENCLOSED ROOM WHICH 
Meve™ aRALND ~ CIRCLLAR TRACK, GOTH RABM AND A CHAIR WITHIN IT 
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wALLP “Gf TILTED LEFT AND RIGHT» FITHER TOGETHER Ok JNDEPLNCENTe 
LY. The € WAS REGUIREC BN SHME TRIALS TA STRAIGHTEN TKE 

ReAry TF [TT AFFEAREC TILTED, ANO GN BTHER TRIALS T86 STRAIGHTEN 
KIS RGry IF IT FELT TILTECe AOCUSTMENT BF THE BODY WAS MACE 
wITh TRE RABM LIGMTED AND DARKENED (1leE*s WITH AND WITHOUT A 
VISLAL FIELD). BATA WERE SBTAINED FOR FOUR RATES BF ROTATIBN, 
A CIFFERFANT GRALP SF YPLAG ADULT SS BEJNG USED FER EACH SPEED. 


PLAING RATATIAN TrE ROBBY LSUALLY HAD TS PE TILTED FREM THE TRUE 
LPRIGRT TOXARC Tee CENTER SF RATATIEN TA BE PERCEIVED AS 
LPSIGHT. THE AVERAGE AMOUNT BY WHICH THE RBBM WAS TILTEL, 
FAMEVER, WAS CPNSIDERABLY Less THAN THE MAGNITUDE OF THE SHIFT 
AF Tre FARCE BN TRE BODY. JT “AS FAUNC THAT TRE BODY ALSE 
UshaLLY KAC Te PE TILTFEC TAWARC THE CENTER BF RBTATION TB BE 
FeRCervel AS LFRIGHT. IT WAS TILTED MLCH Less, KOWevER, WHEN AN 
APseCrivelLY UFRIGhT FIFLC WaS PRESENT TRAN WITHOUT A FIELD. 


IN GeneRal, TrE LOCATION BF THE PERCEIVED UPRIGHT WaS GUITE 
CIFEERENT WITr A VISUAL FIELD TRAN WITKAUT ONE, WHEN AN 
APecCrIVeLY LERIGhT FIELD WaS PReSeNT, THE PERCEIVED UPRIGHT was 
L@CATES CLOSER TA TRE VERTICAL 8F THE FIELD, Ie Eos THE TRUE 
LEFIGET, TRAN TA The CIRECTION BF THE DYSPLACEC FARCE ACTING BN 
TRE PACY, WHEREAS WITHOLT A FIELC IT WAS PLACED CLOSER TO THE 
FARce 9h The poly, wITe INCREASE IN Tke RATE OF ROTATION, AN 
INCREASE IN PAGKITUCE OF SHIFT OF The PERCE vec UPRIGHT FR8M™ 

tee TREE LEP y Ere BCCURRED UNDER all CenDrzrens, THIS RELATION. 
shite C&es NOT Seer TA Be LINEAR, 


MaRkeC JACIyICUal CYFFERENCES WERE OBSERVED AMANG SS IN MANNER 
RF LACATING The LPRIGHT, IN GUCGMENTS AF FIleLC POSITION AND 
PealyY Fagy TION Mate Wyk CONFLICTING Visual aNC POSTURAL 

STAND ARCS, SOhM_ S§ RelLteC alLmOST exCLUsveLY BN ONE BR The 
OreeP ae TheSe STANDARDS, WHILE @TRER SS COMPROMISED BETWEEN 
TKEM rh VARYING DEGREES. nN JUCGMENTS 6F BaDyY PES;T]EN MAD 
woah re ee URAL STUD GRD aténe, Ss OFFERED IN THE be bReg 10° 
aARTCK tke BODY wWaS aALIGNeO With tHe DISPLACED FORCE ACTING 
LPAK i. CIFFERENC S IN P Re dice DE TEEN MeN AN righ WERE 
ALS AA re UNCER CakO 171 eN§ 8 OBNFLIC ry] yt eual AND POSTURAL 
C7 Ant gR0s, w1qh WOMEN AChERING MORE CLASELY Te The vISUAL 
STAKCARC, 


POWER MEPVECTESLELCESO ELITE COSC ESOS ARSE ECACC EA ERR SERS AREA SE SD 


WALFE, o,4. ANC CRAMER, RL, 'ILLUSTONS GBF PITCH INDUCEL BY 
Ce TRTFETAL ACCELERATION +s p~EROSPaCE MEDICINE, VOLUME 41(10)3 
1136941394 SCTSBER 197¢¢ 


; * ABSTRACT _* 
erGkr PaSIC AIRMEN ANU 47 ExPen Lent ee yer PIL6TS WERE ExP@S_eD 76 
FIVE Os PREREN! Levels SF CENTRIPETAL ACCELERAT;AN UNDER TWA 
ser ApATe ONCrrrIA8K\S, TRIALS Were GIVEN WITH aND wITHBUT 
tLLLMyhatION aNC hele The SUBSECy WAS FACING TOWARD BR away 
N 


FRAY yee CeNtTeR AF ROTATI SUBUECTS wWeRe ReGUIRED TS POSITION 


734 





NAVTRAPGUIFPCEN IHe298 


THEMSELVES TO Tree SUBYECTIVE HORIZANTAL PLANE red EACH OF 
tkeesp CANCITIONS, The yLLUSy;ON BF PITCH DEVELOPED RaPIDLY AND 
ShkeweO Litth_e ChaNGe §r ACAPTATIBN SAVER A i bee: TIME 
I'TeRyaAlL, BOTr The INEXPERIENCED BASIC AIRMEN ANU THE 

EXPER ENCED Vet FILOTS weRe EGLaLLY SUSCEPTIBLE TO THE ILLUSION 
RF FT 7Cr TNOLE SE BY the ACCeLeRaTIANs THERE We Gooe SIGNIFICANT 
CyFFEcReNCES Eetheged THE THA GRaurs, PRIMARY SENSBRY INPUT 
sPFeaReC 78 Ee FROM the GTSLITHS AND Tre SUBVECTS RESPONSES 
AFPeAREC T9 Pe LINgGARLY Relate’ Te The RESULTANT FORCE FOR THe 


FIVE LEVELS TESTED. 


a ae te HHH HEHEHE 


the Sele OF the veSTIBULAR ORGANS IN SPaCe eXPLORaTION?, HeLD aq 
Tee Naval AgROSPaCe MeDICal ReSeaRCH LaB,, PensaC6La, FL,, 

ALG 160214 16704 PUBLISHED AS NASA SP.2314, NATIONAL AERBNAUTICS 
aN? CpaCe ADMINISTRATION, WaSHe, DeCos 19730 


2 * ABSTRACT * i 
NeTyeeR abteRarlens IN hehe aeamaal ha T MEER ATUNE NOR wed Rare 
TXtake BF aCCOrel has FAUND 76 alyeR sOsCEPTIBI ITY 78 MB] 
erf«hess IN SLaceCTS EXPOSED TO RATATIAN IN The PENSACOLA SLOW 
RATATIAN R66r. 


SCOP RL at [NE Wrrb CoaMPhe TAMING WaS FELAD 78 Be THE MOST EFFEC. 
TINE AUgPAN ATION 600 108 PReve\ TION OF MOTION SICKNESS UNDE THE 
XFERIMENTA BKC T TIONS 6F TE STUDIES RePeRreD MeRe, PRB ETHAs 
Z1Se IN COMBINATION WITr DeamPhetamINe wAS IN THE Same RANGE OF 
: é 
cFFeCrIycNeSS, ORUG ACTIONS SUGGEST TAT a HOLINe AND 
NORE BINERRRING MAY Be INy8lLyeD IN MOTIE6N SICKNESS, 


PRES RPROPCESCESCEUECEC OSCEOLA SESE POPSET TSR SER TETRA EER AAS RAE 


sPPORLEF, &.F,, SMITH, CeF ey, FULLER, Y,Re AND WEYER, 0,C, FULL 
MISSTON SIMULATIAN IN UNDERGRADUATE PILOT TRAINING; AN EXPLORASY 
TeRY STLEY FLYING TRAINING DIVISIAN, taATR FORCE HUMAN RESOURCES 
LAPARATERY', wILLIAMS AIR FORCE BASE, ARIZONA, AFHRL «TR 76=B84— 


TRCE MBER 19766 


7 « ABSTRACT * 
e]TRT ped ig ab PIL87 TRAINING TG ENTS weRe es a 78 
SEerCIF [eco Levels 6 list cates IN ALL FMAUBR AREAS OF BASIC 
FyILAy TRAINING USING THe ADyANCEC SIMULATOR FAR UNDERGRADUATE 
eTLA@T TRAINING (ASUPT)s HALE weERE TRAINED USING THE PLATFORM 
“ATIAN SYSTEM 4NC FALF wITHOAUTe SUBSEQUENTLY, THEY COMPLETED 
PaStc FILBT TRAINING (T8 AIR TRAINING CAMMAND (ATC) PHASE 
STAND ARCS) IN Tedz AIRCRAFT, TRAINING HBURS REQUIRED AND 
CLErK eIre SC@rES WERE COMPILED FOr EACK SUBYECTe SIMILAR DATA 
se®e CuLLeECTEC FAR A CONTRAL GROLP BF EIGHT SUBYECTS TRAINED 
LEINC tke CONveNTIONAL ATC SYLLABUS, USING DATA 8BTAINED FROM 
PATR GePLES, ESTIMATES SF TRANSFER BF TRAINING PERCENTAGES, AND 
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TRAINING EFFECTIVENESS RATIE6S WERE COMPUTED. 


CTMLLATSR TRAINEC STUCENTS REGLIRED FEWER AIRCRAFT HOURS IN ALL 
AR7™AS §8F BASIC LFT AND aCKIEVED CHECK FIDE SC@RES EGUAL T6 BR 
PETTER TRAN TEE CAKTRBL GROUP. AKA SIGNIFICANT OBR PRACTICAL 
RIFFERENCES WERE DASCUMFATED BETWEEN PERFARMANCES AF THE MOTION 
AND NASMATISN TRATKEC GRALPS FARK ANY CATEGORY BF MANEUVERS s 


THIS waS A FIRST EFFART T8 INCARPARATE A FULL MISSION 
STMLLATAR INTY AN BPERATIONAL PILAT TRAINING PRAGRAM,. SEVERAL 
FRABLEM aARFAS WERE TDENTIFIFED “KICK MUST BE SOLVED BEFURE FULL 
suCerss CAN BE ACHIEVED. TRESE SAME PROBLEMS SHOULD BE 
Relevant TS APPLICATION BF BTHER FULL MySSIOAN SIMULATARS JN 
PTRER TRAINING PROGRAMS. IN ADCITIAN, SOME aSLPT DEFICIENCIES 
hERE IMENTIFIEC. 


MF Hee Wee FHF He TE HE TEE HH EHH HEHE MEH HEHEHE HHH HH 


hePMeR, Co AND R, WILLIAMS ENVIRONMENTAL REQUIREMENTS FOR SIMUL 

LateC eel [COrTeRyyTEL SeERATIBNS FREM SMaLL SHIPS aND CARRIERS 

FePRRT; TM 7geo Rh ROTARY WING AIRCRAFT TEST DIRECTBRATE 

Naval ATP TEST CENTER 

FATLXENT RIVER, MARYLAND, 12 APRIL 1978 
| 
i 


* ABSTRACT * 

tke UNIGLE Pe page a gF A Bs 1COF TER COMBINED WITH 7 
SekIFRBARD SPeRarI Ss 8F ~a Naval e VIRONMENT have BeeN Sucre Ss. 

FULLY sSIMLLATEC In CEVICE 2F 105s THE Ske2F WEAPBNS SYSTEM TRAIN} 
FF (wST), IT IS EGLIPPEC WITH A yITAL III COMPUTERAGENERATED 

tMaGe (CGI) CALLIGRAPHIC VISUAL SYSTEM, THE DEVELOPMENT AND 

VALTCaTIAN OF TRIS CevICE Have PRAVIDEC VALUABLE EXPERIENCE BN | 
ENVIRGNMeNTAL Re GUIREMFATS Neg OeD TA PERFORM TAKERFF AND LANDING 
TASKS FRAM SIPS, Tecnh ical APVANCES IN THE STATE eOFeTHESART OF 
CGI vrSlal SYSteMs NOW GFFER gins abehy WHICR Sea 2 MANY 
pRey Els pe haath Tents peRMr7S ADD TIONal Pores Re BE SUC, 
TRAINING. { 


the CrsClss_er 1 SPeCIFIC ReQUIREMENTS FOR tHe SIMULATED 
IN reen Ky 78 Sars WE PORALY ant: TRAENING FOR SHIPBSARD 
TAKEAFE gNC LaANCING, TeSy TECRNIQUES 76 VALIDATE TRAINER FIDELe 
Irv IN Ping GLALITIES« T dEserince. AND ENVIRONMENTAL SIMULA. 
TISN are Pladeeitcna THe SPeCIFIC SUBJECT OF CaLLIGRAPHIC VISUAL 
SYSTErS 1s GrTENSIVELY CBVEREO, INCLUDING A Re PBRT BN THe CUR, 
ReNy STATE SSF eTRE ART AS RELATED Th THe ATeSEA ENVIRONMENT, 
FINALLY, The Urge yZaTIOn BF a HIGH.FIDELITY TRAINER IS EXPLORED 
FAR Re SEARCH AS Well aS FOR ¢xPaNDFD Fleet TRAINING, 


bel ICAP, por. OF GATIONS FRE” SHIPS CReaTe DEMANDING FLYING 
clalirtes AN PeRFS RMANCE REQUIREMENTS, THE ENVIRONMENT IN 
BE IGh TAKEBFF ~KC LaNDING pySL¥TIANS MUST BCCLUR FaS a SIGNIFI. 

CANT INFLLENCE ON THESE TASKS, AIRCRAFT AND SIMULATOR DESIGN. ' 
EPS, FACk IN TRETR @WN WAY, MUST MAKE APPRAPRYATE PROEVISTON FOR : 
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CAVIRBNMWENTAL FACTARS, SLCRH aS VISUAL LANDING (VLA), SHIP 
MeTI®K, TURBLLEACE, RELATIVE WINC, AND GROUND EFFECT, 


wee PERSE RRE SEP ESE SCE ELSES ESS EPEC R RECEP SERS SCRE RT SER EES TE ss 


WRENNINGEs Be tA SIMULATOR INVESTIGATION TO FIND SUITABLE cm. 
waNC srgNals FER a THREE DEGREES OF FREEDOM SyMULATOR MOTION 

CyStems, aSSOCraryON F ancalse Des INGENTOUSE ET TECHNIC JENS De 
LeAcRAh alt Qke ef re rte la ce, CANGRES INTERNATIONAL AERGNAU. 
TISLE, ats rants, RANCE»s MAY 299344 19674 PAPER 5o Pe 


* ABSTRACT # 
AN EXPERIMENTAL STUDY HaS BEEN PERFORMED AT THE FOSIM SIMULATOR 
FLANT BF TRE CEFARTMENT SF a~cRONAUTICS aT The ROYAL INSTI TV TE OF 
TECKNBLEGY IN STOCKHOLM IN BRDER 78 Devgan NE HOW THE AVAILABLE 
WaTIAn sYSTEr SFBULC Ee COMMANDED bHEN PERT ORMINS CANOING 
cpMULatpeh OF a MACERN FyGHeeR TYPE AIRCRAFT, 


ThE ATRCRAFT SIMLLATEO haS THE wags (ORAGON) a~NOD THe WORK Was 
CAPR TEC evr 1k ceVERAL STEPS Ce Abins TO A FINAL TEST, WHERE atx 
TEST PILOT weLL A AINTED WITTE THE Ws35 A ATE THe 
riLats cvalUaqel qhe DIFFeReN7 SUGGeST¢O COMMAND SIGNALS AND 
c{MFLY ELSE THOSE Eus GaAVe The MOST Jo35 SIMILAR 'FEELY OF 


FLYINGe 


TRE weRK PROVED WELL WORTH i BECAUSE ALL THE EARLIER Used 
Ca*hanl opGnals WeRe CHanGeD ONe WaY BR ANOTHER, 


Ty “as FALND qRarT The PrLers C8LLD EASILY Be F6GLED WHEN 
eVALLATING The FLYING GLalIrle& OF THe SEC UEATED AIRCRAFT IF 
the METISN SYEpeh COMMAND SIGNALS WeRe UNSUITABLE, 


PPUPTTUPPTECTOCECECCCC CCC ARTES OPEC ESE ECCS ELE SE ERR ESET TLE A TS 


xeTGNeSSe,y SELECTIVE SURVEY OF FRENCH CevELOPMENTS IN FLIGHy 
CTMULATSES ANC FLIGHT INSTRUMENTS, Ie FLIGHT SIMULATBRS, WADC 
TR 703789 GLANE 49EBe 


aeS7RaCy NOT AVAILABLE AT TIME 8F PUBLICATION 
ere rerPREEEPCOCPCEC ESCO OSES SSeS ETERS PESTS ERTS RTT Ao 


YALAG, Fk, A CATALOG BF SIMULATORS FOR TRAINING SPACE FLIGHT 
PeRSANNEL, FROCECT SETE, 'NeEW YORK UNJVERSITY', SCHOGL OF ENe 
pNEFRYRG aNC SCyENCEs RESEARCH DyvyST6N» MaY 1965 


# ABSTRACT * 
TETE REPORT IS A COMPILATION AF SHORT DESCRIPTIONS UF GROUND} 
Pacem STMLLATBPS FOR Tee TRAINING OF CREW MEMBERS OR FOR 
ReSeakCh INTS The PROBLEMS OF CREW BPERATIONS AND CONTROL OF 
MANKED SPACECRAFT, 
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TRF SI*LLATBRS CESCRIBEC REREIN PELANG TO TWO GENERAL CLASSES} 
(1) FIAED OR MBVING BASE REPRESENTATIOAS BF SPACECRAFT CREW 
CAMFARTMENTSs AND (2) DEVICES USED T& EXPOSE A RLUMAN SUBVECT TB 
SFACE FLIGHT RELATED ENVIRONMENTS SUCH AS ACCELERATION AND 
PRESSLRE FROFILES, MULTI*AXIS ROTATIONS, AND REDUCED GRAVITY 
STATFS.e 


THIS R-FRRT COES NOT CBVER UNMANKED SIMULATORS, DEVICES USED 
PFIMARILY FOR FEAVIRONMENTAL TESTING OF EQGUIPMENTs GREUNDeBASED 
AIRCRAFT RATHER TRAN SPACECRAFT SIMULATORS», VARIABLE STABILITY 
AIRCRAFT, 8R BTRER AIRBORNE SIMULATION FACILITIESe JN SRDER TO 
PROVIDE TRE LSER WITK READY aCCESsS TE SURVEYeTYPE DOCUMENTS 
weTCK O68 CESCRIBE SUCK EGUIPMENTS, AN APPENDIX WHICK PROVIDES 
PRTEF CesCRIPTIOANS AF SBME SIGNIFICANT CATALOGUES IS INCLUDED, 
(ALTRKBR) 


TOUS RPE TUCECBSCOPCE OCS LESS EPCS REE ESE LEER RAE ARRAS AE DS 


YEUNG, L,Re 1SOME EFFECTS OF MOTION CUcS BN MANUAL TRACKING? 
LGLANaL SF SPACECRAFT AND ROCKETS, SCTOBER. 1967, PAGES 13001303 
VGLe 4» NBe= 1C6 


* ABSTRACT * 
aLtRBLgr SLSTAINeD FIGH aCCeLeRaTION BR vIBRaTION CaN HAVE A 
CeleteR als eFe ey BN A PIL6T+S TRACKING ABILITY, THERE ARE 
SO”E STTLATIONS yN WHICr MO7 76% CUES, aS FelLy IN FLIGHT BR 
MOyINGepASE SIMULATISN, YIELD A SIGNIFICANT IMPROyeEmMENT IN 
FIL@7 PERFORMANCE, THe FIRST SF TEE SITUATIONS IS IN A 
Ca\rRAL TASK Rec LR ING MORE LEAD CAMPENSATION THAN IS Cola 
Cevgterer FROM yISUal DISPLAYS. THE VESTIBLLAR AND TACTILE 
SeNSat IONS CONTRIBUTE VELBCITY AND ACCELERATION INFORMATION 
wWEICH 1S LSEC JN STABILIZATION.’ exPeni ments BN CONTROL BF 
TNVeRre OC PeNCLLLMS aND yT6LiyS WITH AND WITHOUT MOTION CUES ake 
hysClecen. TESTS OF LABYRINTHINE DEFECTIVE PaTIENTS ON SIMILAR 
TASKS OeVONSyRareO qh CRyrrCab emer eas BF vESTIBULAR 
INPLrs, Tre § dBxp SITUATIAN RegurReD RAPID a~DAPTATION 76 
CalyRallL_C eleMeny FarltRes IN A SIMULareED BLIND LANDING 
EXPERIMENT, Stee TESTS SHOWED MATION EFFECTS TO Be IMPORTANT 
IN a CLASS GF FlexIGl_e @66S7eR CONTROL PROBLEMS, THESE RESULTS 
heRe COMRINED with MANY COMPARISONS BF FIXED BASE*MBVING BASE 
FLIGKT ExPERIMeENTS IN The LITERATURE TE ARRIVE AT SOME GENERAL 
CANCLLSTANS ReGaRDING The EFFECTS BF MBTIBN CLES BN TRACKING, 


PoU CCT eCCPPCPTEereErEOCPCCSOCCOOCS OCS Pe eer eT eT e Se Se | 
YOLNC, LeRe @6N BYSCYBERNET!]CS SF THE VESTIBLLAR SYSTEMe REPORT 


NASD SFey92, FOLR TH ANNUAL NASASUNIVERSITY CONFERENCE BN MANUAL 
CaXtRAL, FELC ay Le. SF MICHIGAN, MARe 234"23% 19686 


* ABSTRACT * 
THETS PAPER Oe SCRIBES The CHARACTERISTICS OF THE HUMAN VESTIBULAR 
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SYSTEM MACELLED FROM THe PSYINT BF VIEW BF CANTROBL THEORY. CONe 
| TFL SYSTEM CESCRIPTIONS BF THE GRAVIRECEPTORS HAD BEEN alMeST 
NPNEXISTENT FRIGR TO THESE STUCIES. Tre COMPLETE VESTIBLLAR 
vaCel PRESENTEC IN THIS PAPER DESCRIBES MOST NONVISLAL DYNAMIC 

| PE TEN TATION PrENSMENA IN A MANNER FAMILIAR TO CONTROL ENGINEERS, 
| eEeACTICAL SAMFLES ARE INCLUDED TE SHOW THE WAY VESTIBULAR SyIMU. 
p LATIAN CANTRIBLTFS TO Tre PILOT'S CBNTRAL COMPENSATIEN IN A 
CLASECSLABF VEHICLE CONTROL TASKe (AUTHOR) > i 


TRE RRRESCTOSESESPESE SLE SLE SESE RSE RE SAE EP EPEC RSE REESEEREE EEE s) 


YAUNG, LeRes '6N VISUAL VESTIBULAR INTFRACTIONS's FIFTH NASA 
SYMFASILM ON Tee ROLE OF THE VESTIBULAR ORGANS IN SPACE EXPLERA® 
TI8N» KELC AT TEE KRAVAL AERA@SPACE MEDICAL RESEARCH LABes PENSAe 
COLA» Flee ALG 19249 197C* PUBLISHED aS NASA SF#344, NATISNAL 
ap BN al 7TCS aC SPACE ACMINISTRATIGON, wASHe, DeCoy 19736 


* ABSTRACT *# 

c¥PERIMENTAL EVICENCE IS PRESENTED REGARDING VISUAL-VESTIBULAR 
Ih TERACTYON, aNC the ResuLrs BF THREE sTUDTES BN THe eee uect ARE 
| PRIEFLY NOTED, aN ATTEMPT TA PUT 7AGETRER SOME OF THSES SBSERVAe 

TIONS wITh ELEMENTARY NOTIONS SF A VISUALeVESTIBULAR INTERACTION 
FFAGRaM 7S SHAWN JN THE FORM BF A FLOWeCHART REPRESENTATION OF A 
FS8S€tele MODEL, TRIS 1S A NONLINEAR MODEL ITN wRICH yISUAL AND 
veSTIBULAR INFLLENCES ARE LINEARLY WEIGHTED WHEN THEY ARE IN 
FeLattve AGREEMEKT BUT SWITCH TA THe MARE 'BELIEVABLE! BNE WHEN 
teey ame IN DISAGREEMENT, A SOLLTIBN TO THE HUMAN SPACE*ORIENTAc 
TIFN FRAPLEM IS DEPICTEC BY A shales FOR BPTIMAL SUBJECTIVE 
ARTENTATION BaSeD BN SEvERAL SENSORY MADALITIES. 





TowRPUP EPP EEECECECOROUCPCSCECCOCSCASCERSES ACES EE EE EEE SELES ERRATA REA 


YALNG, LR, CEVELBPMENTS IN MODELLING yJSUALeVESTIBULAR INTERACe 
TISNS, AMRL@TRe7q 044s AEROSPACE MEDICAL RESEARCH LABORATORY, 

Ae ROSPACe MECICAL Div, AIR FORCE SYSTEMS COMMAND, 

vw TERKTePATTERSBN AFBs 8F 45433 JANUARY 1974 


* ABSTRACT *# 
aN caRLI¢R Rerary D sch 1e¢0 A PHYSICAL aNaL@G 6F THe HUMAN veESe 
TIPLLAR SYSTEM, hEICH SIMULATED NYSTAGMIC EYE meyEMents AND SUBe 
CECTI ve SENSATION @F MOTION BASED BN aa MOTION 6F THe 
vEE aR: pPIS REFART REVIEWS a NUMBER OF POSSIBLE EXTENSIONS 76 
THIS vSceLacEPPRASI ZING Tke COMPLEX INTERACTIONS AMONG VISUAL, 
*7*LTTh, AND CANAL STIMULT, MOCELS aRE DISCUSSED FER SEMICIRCUe 
Le® CANALS ANC PTOBLITHS, THe VESTIBULO@.6CULAR REFLEX, OPTOKINES 
TIC AND GALVANIC STIMULATION OF EYE MOveMENTS, CBUNTERROELLING, 
vISLALevESTIBLLAR INTERACTIAn ANC PURSUIT EYE MOVEMENTS, 


WER UPUPELELELICIT ECOL LT CROCE ST Fo 
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YOUKG, LeRe VISUAL AND MOBTIBN REQUIREMENTS FOR FLIGHT SIMULAs 
TIPR ANC RIDE GLALITY INVESTIGATION. SEMIANNUAL PROGRESS REo 
FART, 1 YAN = 30 NO@Ve 1972 NASA#CR=133193 


ARSTRACT NOT AVAILARLE AT TIME 8F PUBLICATIE6N 


TY eo SEPESCTCE ROSSER ESCE CSE EES ES ESR RS ARE RE REE RESALE SERRE ERR ER EERE SS 


YALAC, LeRe SEMI ANNUAL STATUS REPORT: IJNTEGRATIBN BF VISUAL 
ANC “BTIAN CLES FAR SIMLLATA@R REGUIFEMENTS AND RIDE QUALITY INeo 
VESTIGATI@N*e MIT, NASA GRANT NGR 22"0C9"701s MAY 1975-NOVEMBER 
197%. 


* ABSTRACT «# 
TURING THIS FEPARTING PERI6D, WORK HAS CONTINUED ON THE USE 8F 
THE SRMSPY MABCEL FER PREDICTING VESTIBULAR RESPONSE, SPECIF]. 
CaLLY IN A CABRCINATED TURN, BN THe USE BF VISLAL CULES 
IN LAKCING, INCLUDING A PILOT EXPERIMENT USING THE vIDEB TAPES 
MaCe aT LANGLEY; a COMPREFENSI VE Review BF PRESENT DAY COMPUTER 
STATE OFTHE SCART WAS MACE AND A CeCISI6N CONCERNING THE BEST 
SYf7eph FAR The MaN ven I Che LaBeRaTORY; aND FINALLY, Several 
PAPERS Fave PeeN pUBLISRED CANCERNING The WORK pERFERMED UNDER 
THIS GRANT. 


POWER EPPVESPTOCRESECECEC ORECAST ERASE SEES EPEC ESE EERE RRP ASAE SRE TD 


YOLNG, LeRe INTEGRATION BF VISUAL AND MOTION CUES FER SIMULATOR 
RenliRe@eNTS ANC RICE GLALITY INvESTIGATION, MANevEHICLe LABe 
PRATOARY, CePARTMeNT BF agRENAUTICS AND aSTRONAULTICS, MASSACKU, 
SeTTS IfsTitute BF TECHNELOGY, NGR 22—999"7014 (NASA@CR@ 148479), 
SEMIANNLAL STATLS REPORT, DEC, 1975eJUUN 19766 


* ABSTRACT * 

Tee FeSeakCh COyeR_eD BY TRIS GRahy IS AIMED At The Dey LEPMENT 
BF PRaCr Cal peels wWHYCe CaN ExTEND The STATE SOF THe ART BF MB, 
VING BAge FLIGHT Behe N F@R EgeAR bk AND TRAININGe THERE 
aARe wO MAIN aPFRBACHES 76 7HIS ReSeaRck EFFORT REPORTED BN IN 
reIS FRAGRESS SUMMARY? 

APPLICaTIGN OF The veST 
PFieNraqtr&% BaS_e® BN M67 8N CUES 
TRALS, 


IBULAR MADEL FBR PERCEPTION OF 
: 6PryMUM STMLLATOR MOTION CANS 


(2) VISLaAL CLES IN LANDING, 


very SIGhIFICANy PReGRess Has Been MADE WITH RESPECT TU THE 
FrRsy Goal, INCLUDING The tal OF A MaSTER'S THESIS N 
THIS subue er BY MR, wOSFUA BORAR, EXPERIMENTS ARE UN Sigel @N 
The bt ha PORTIAN AFTER INITIAL PILOT EXPERIMENTS WHICH WERE 
FeRFaeMeD CURING tkyS PREPARING PER OD, 
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tI\ ADCITTION TO TkE MoSe THESIS» THERE 1S A PAPER IN PRESS AND 
ah theR weICh Fas Be_EN SUB 7 TE0 FOR PUBLICATION, THESE PaPeRS 
ak; appeNCeD 76 THIS PROGRESS REPORT. 


rrr rrrerererrPCPTECeCCC CSO SE Pee RESET SCE PEST RECREATE RE SY 


Ye'naG, LeRe yySlbalLY INDLCED MByyON IN FLIGHy SIMULATION. Paw 
FF FR oSph7_eC AT AGARO MEETING 68K FLIgky SIMULATION, BRUSSELS, 


AFFIL 15786 


# ABSTRACT «# 
MLCh BF TRE ATTENTION TB VISUAL DISPLAYS FOR Ad ae SIMULATION 
Ih ReCeNt YEARS KaS Been Devatel Tewano PREC 1S I N WIDE PLS 
FFeSeNtarIONS, the SIGNIFICANT ADVANCeS IN MULTISCReEN MpUTeR 
IV AGE Ger ear ren AND POINT LIGHy SOURCE DISPLaYS haS igh 
Lytekally wICeh-0 §lR HeRIZeNS FOR erRne TAT LED OF 1OUTeT Es 
eens deepen ebay shee ete ce octeacee ce 
FReCySe ETaTIC CISPLayY ‘Sy ATI IN G PeRSPESTIy 
GRATS EAR Cant RAST, ReLatlvelY Less alec TON Has BcgN evéTeD 
tT the CyNaMIC PROPERTIES OF re visUal St eNe AND IN PaR, 
TICLLAR the Role BF THe MOVING *1De Field Wee te” IN SUS. 
TAINING A Beier METISN SeNSe. THIS rapes ADDRESSES The ExPERe 
IMeNpal Cata aCCUMULaTING ON He baal F VISUALLY INOUCED 
MerrtAN Fer all LiXeaR ANC ANGULAR CegReeS OF FReEDGM, IN PaR, 
TrTkb gs ne CysClgs yySlallLy ;NOUCED Yaw (SIR ee an yer T TON) 
R SUL Ke RAY g MOVING WIDe FIELD PReSeNtaTION, aND LTS INtER. 
aCryANn pe VeS7TebLaR Yaw Eus oe enn hoch, BaSe M@y7ION 
MaCeL IS Re Ses FOR The INtERACTION EIMeen VISUAL AND MOTION 
Cug€ rh Yaw WEICK RaprONaltZeS Tee HIGH FREQUENCY UTILIZATION OF 
VeS7TBLLaR CleS 7@ SUPPOR_ SUSTAI a ANGULAR VELOCITY, THE 
chs sice Ray Ione AFpLy 78 yISUalLly INOUCED eg veELOCIty 
(LING ARyeCTIGN) AND INTERESTING ASYMMETRIES IN THE FORESAFT 
Cr&eCr1en ARE NOTED, FINALLY, yISUALLY JNDUCED PITCH AND ROLL 
APe NYSCUSSEC ANC MBDeLLEOD IN TERMS OF CONFLICT BETWEEN THE 
yVITLALLY INDUCED MOTION AND THE INFORMATION REGARDING ATTITUDE 
PaSel UpaAn GRaviICerTOR SIGNaLSe 


TRE OOOO PEPE T OCP PEPETCEL CSIC S SC SCO ECE EP EET ET TT APPS AP 


YALAG, Lees CURRY, EeFfe AND @MANy CM 

GS kck BN INTERFERE TATION @F VISUAL AND MOTION CUES FAR FLIGHT 
shyECarron ANC RIDe GLALITY INVESTIGATION, MIT MAN.VEHICLE LAB. 
FRIGRESS REPIFT APRIL@O8CTBBER 19742 NASA#CRo1 49981 


* ABSTRACT *# 
Tre PRIMARY GOAL OF THIS ReSeARCk PROGRAM IS The DEVELOPMENT OF 
MLLTTSINPLT MADELS FOR THE BPYIMLUM USE BF VISUAL AND MOTION 
rleS Ih FLIGRT SIMULATI6N, PAST REPORYS HAVE EMPHASIZED 
CeveLerren? OF rACELS FOR THe PROCESSING BF VISUAL CUES 
aSSACyaTeL wITk STRUCTURED AND NONSSTRUCTURED vISUAL SCENES, 
Be INew 7 SF MBCELS FOR SPATIAL ORIENTATION BASED UPON SEM]. 
Pari LAR CaNaAL ANC @TOLITM FUNCTIAN, The COMBINATION OF LINEAR 
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AKT ANGULAR ACCELERATION CUgS IN NA@NeVISUAL SENSING AND THE 
INTEGRATION BF VISUAL AND VESTIBLLAR CUES ASSOCIATED WITH 
MAVIAG VISLAL FIELDSe TRE WARK hHICH HAS TAKEN PLACE DURING 
THE LAST SIX MAATKS HAS BEEN C8NCENTRATED BN 


(1) THE TESTING OF The APFLICABIL]TY BF BUR MODELS BY 
APPLYING THE 6BRMSBY MBCEL FAR VISUAL*VESTIBULAR 
INTERACTIANS TE A REALISTIC SIMULATIO8Ne 


(2) DESIGN ANC CEVELAPMENT BF A FIVE DEGREE GF FREEDOM 
SRIENTATIOAN INDICATOR 


(3) REFINEMENT OF TRE LINK GATe1 DISPLAY SYSTEM 


(4) EXTENCING THE STUDY SF LINEARVECTION IN THE VERTICAL 
CIRECTI6Ne 


(5) CONTINUED INVESTIGATISN OF Tre RELATIONSHIP BETWEEN 
VESTIBLLAR STIMULATIEN a~ND vISUALLY INCUCED ROLL, 
USING Tre INCICAT@R §F COUNTEReROLLING EYE MOVEMENTS, 


(@) EXPERTMENTS BA SIMULATOR vISLal THReShSLDs, 
WEP EURUPETCOSEUSSCCCLECOCC RACER OR EEE E ESE R EST SEPT TC PSST PSE TS 


YALNG, L Res CICKGANS» wey MURPHY, Re AND BRANOTs To 
IhteRaCyrON BF BF TAK INE TIC g~ND VeESTIBULaAR STIMULI IN MOTION PERS 
CePTres, (REVISEC SULY 28s 4972) HACTA BTBLARYING, 49734 761, 
24"316 


* ABSTRACT # 
The S-hSaTION AF SELF EROTATIAN (CIRCUL AReVECT ION) WAS PRODUCED 
Py FAzarrION OF a STRIPE PATTERN TO THE LEFT AR TO THe RIGHT AT 
CaNszas7 ANGLLAR velLBCIryY, OURING CIRCULARVeCTION, SUBUECTS 
weRe RaNDOMLY a~CC EerareD IN CONSrANT aCCebeRaTION STEPS. The 
vawee expeR IMENTAL INDINGS ARE: 


TRReskSLCg FAR CeteCTION BF ANGULAR ACCELERATIGN ARE RAISED 
ng TRIS aCCeLeRatI6ON S 9PP@Srte 78 THe CIRECTION GF 
CrRCLLAR.veECTIOR, TIMES T3 DeteCT THESE ACCELERATIGNS ARE 
SrMTLARLY yACREASED, 


le 


5 waGNrTlLOe ESTIMATES GF ANGULAR yvELACITY SHOW The EFFECT OF 
A VISLALLY JACUCED vELOCITY OFFSET WHICH 7S JNCREASED 
SLIGHTLY BY VeSTIBULaR ReSPONsS_es IN THE SaMe DIRECTIEN AND 
CeCReaSeO MaRKECLY wWheN TRE VESTIBULAR ReSPONSES ARE IN THe 
SrReCTION GPFASITE TO SELFeRGyrATION, 


i) 
° 


MANY eF Tre gFF Cys BF g~NGULa~R a~CC LERATIEN SN Satake. 
VELOCITY AR acturareLy PREDICreD By THe aCAPTATION MOUEL 
F TRE vesTYe LAR SYStem, H@wWeverR, AN FMPORTANT NONLINEAR 
IN7e FACTION exISTS ve oY RAPIDLY @CCURR]NG CONFLICTS 
PeTweeh VISLAL AND veSTIBULAR SeNSaTION, ESPECIALLY THOSE . 
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INVELVING CIRECTION DISPARITIES, RESULT IN A PRECIPITOUS 
MeECLINE IN CIRCULAReVES7ION ANC TEMPORARY DOMINaTION BY he 
VESTIBLLAR SESPOANSE 


HHT H SAREE HHODHHHE HEHEHE HE REFEREE EHEHHHEHEEH HEHEHE ERE 


YAUNG, Lee AND MEIRY, wobe 'MANUAL CONTROL BF AN UNSTABLE SYS 
cv tT VISLaL anD Mé7TON “CUgS+, Tepe INTERKATIONAL ONVENTION 
ReCPRE, pNSrpIqtbye BF eleCTRyCaL AND ELECTRONICS ENGINEERS, New 
YSEK», 166650 VBLe>e 132 PART 6 PP* 12321376 


6 


+ ABSTRACT # 
2 SLALECTS CANTRALLED CaBIN ORI Ve 78 Be AN UNSyABLE ROLL 
FeXCLLUM, EY UsynG ViSlal CUes SALY, VESTISULAR AND TACTIL 
cEes BMLY, ANC vISbal PLUS veSTIBULAR a~nD TACTILE CUgS, WHEN 
“eryAn Cles aCOel, @PeRazOR Ean CeNrReL HIGHER DJ veRGeNT 
FReGbeNCyeS AKC De veh OP GReateR PHASE Lead, 


TWRSEPEUPTCEESECBPEC SSCS OSE CET CCE TREE ERE ETE SEE RSET RA ET 


VALRG, Leahey BMAN, CoM CURRY, F.F. AND DYJCHGANS, weM 
2 esr Terive MADEL OF FULTIseMSAR uA an SPATIAL BRIENTAT ION 
ntrk APFLICATIANS 7B VISUALLY INDUCED SeNSATIANS OF MOTION. ALAA 
EATER NG, 730915, PRESENTED aT ThE AITAA VISUAL AND MOTION SIMUe 


LaTrean CANFERENCE, PaL@ alta, CA SEP 10#12» 1973 


* STRA * 
tre PrYsyOL6G;Cal SYSrerS UnBERLY TRG HUMAN SENSATION OF SPATIAL 
HETeNpATTON AND POSTURAL COKTROL ARE GBF PARTICULAR INTEREST 
FEAR , CONTROL PAINy BF yIew ANC ARE ReylIgheD IN THe FIRST PART 
GF The PAPER, The SECONG PART OF The FAPER SUMMARIZES RECENT 
EXPERIMENTS INVESTIGATING VISUALLY INDUCED MOTION SENSATIONS, 


PWUEPUPUVTCETCEE CECE CCC OSES CPC CE RECESS REESE EEE ETE ERASER RAT OD 


YPURG, LeRes BMAN, CeoMe AND CICKGANS» die Ds 

INFLLENCe BF heEAD ORIENTATION SN VISUALLY INDUCED PITCH AND ROLL 
SeXSaTIAsS. tAyIATION SPACE AND ENVIRONMENTAL MEDICINE! 

4E(3)$ EZE4*268r 19756 


* ABSTRACT * 
BPSeRveRS VIEWING ROTATING SCENES IN ThEIR PERIPHERY FREQUENTLY 
ExPFRTENCE SELFSMBTION IN THE SPPOSITE RIRECTION« A FULL FIELD 
(s4c CeEGSEES) FLIGHT SIMULATOR PRBVECTIBN SYSTEM WAS USED Te 
I’ VESTIGATE Tre SENSATIONS RESULTING FRAM PITCK, ROLL» AND YAW 
CyIMLLI aT VARI@LS READ BRIENTATIONS.e STEADY YAW RATE 
(CIKCLLARVECTION) AND DeVELO@PMENT BF A CONSTANT ROLL TILT 
ANGLE, FAR The FEAD ERECT AND CONSTANT VELOCITY YAW AND ROLL 
STIMLLT, CONFORMED PREVIOUS REPBRTS, PITCH STIMULI ALSO WERE 
FRLAT 78 FROCLCe a SENSATION BF TILTING TE A STEADY PITCH 
ANCLE, WeICK waS MLCH STRONGER FAR PITCH FORWARD THAN BACKWARD, 
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FrTCh AKT ROLL EFFECTS WERE STRONGLY DEPENDENT 6N HEAD 
FASITIAN, INCREASING FAR THe HEAC RelLED 90 DEGREES TO ThE 

SIMe @R INVERTEC ANC OECREASING FAR THE HEAD PITCHED 25 DEGREES 
FARWARC, THESE RESULTS SUPBBRT A HYPATHKESIS TREAT VISUALLY 
tNCLCEC TILT IS CIMITED BY CONFLICT WITH OTOLITh INFORMATION. 


TERE REPEELE ECAR EO EE ROCESS EREEP PERE REESE EEE ETRE REET 2 


7ZACFARIASs GelLeo,y IMATION SFNSATIAN DEPENDENCE 8N VISUAL AND 
VESTIBULAR CLES +, PReDe THESIS» CEPARTMENT OF AERONAUTICS AND 
ASTRANALTICSs MIT» SEPTEMRER 1977.6 


N@ ABSTRACT YET 


PPO RUERECE CERO S CES ES ESE RE SEES PCC RECS EREEPE RSL SPE SC EPP PS  ee e S 


ZACKARIASs Gele ANC YOUNGs LeRes» 'MANUAL CONTREL OF YAW MBTIOBN 
wTTE COMBINED yISLAL ANC yESTIBULAR CUcSt, PRESENTED AT THE 13TH 
ANNLAL CANFERENCeE BF MANUAL CONTRAL, MIT, UUNE 19776 


* ABSTRACT *# 

MEASLREMENTS ake Mate OF MaNUal CaNyROL PERFORMANCE IN THe 
CL9SeleLPBP 7aSkK BF NULLING PERCE VED Set RB TATION VELOCITY 
ABALT aN EARTReyERTICAL AXIS, SELFevELSCITY ESTIMATION WaS 
MACELL EC aS a FUNCTION GF THe SIMUL pANPBUS cobee tie ee 
veSTI@vL ak ANC Per teher e VISUAL Field MOTION C ES. BASED 6N 
MeaghReC Ee" Beever’ gee PeHaVIO8R IN THREE viIsUal FI¢elLo 
ENVIRONMENTS, A PA abl gL HaNNeL LINEAR MODEL IS PROPESED WHICH 
k aS SEP ARATE visUal aND veSyIBLLaR PaTKwAYS SUMMING IN a COMPLE. 
MeN TARY MANNER, A CORRECTION TS THe FREQUENCY RESPONSES IS 
FRoyICeC BY A SEPARATE MEASUREMEhT BF MANUAL CONTROL PERFORMANCE 
IN ah aNalL8G9LS vrSlLal FURSLIT NULLING TASK. THE RESULTING 
CLALSNPLT pi heap tLe FUNCTION FOR MOTION PERCEPTION DEPENDENCE 
8\ CAMpayNeD Cle PREGENTATION SUPPORTS THe Shales pha MeO¢L, 
IN WeyICk veSTIpBllak CUcs CBMINATE SENSaTION ay pegwencies AB8vE 
ge08 M2, THe DesCR BING FUNCyION MODEL IS ExTENDED BY THe PRO. 
ASAL BF A NONLINEAR Cle CANFLICyT MO Ely IN weICh CUE WEIGHTING 
CePesCs AN The Level OF aGReeMeNT BeTWeeN VISUAL AND VESTIBULAR 
CLES. 


TWESEVELCTLESOCEREOEESESCOS ERS CEASE ESE TERETE ER ERS REARS EE OD 


ze ir 
she FL aah SIPULATOR FAR aDyaNCeC ayRCRaFy «& a NEW acRONAUTICAL 
ReSeaRCr TASL, AIAA PAPER NOB, 70359, 'AIAA VISUAL AND MOTION 
e]*LLaTI@N TeECeknaleGY CanFERENCE', CAPE CANAVERAL, FL6ERIDA, 
MAFCK 16"1*%* 1597C¢ 
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TRIS PAPER DISCLSSES THe FLIGHT SIMULATOR FOR ADVANCED AIRCRAFT 


(FSaay, tre NeweSr ah MOST SAPFISTICATED PILOTED MOTION 
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SIMULATOR AT NASA AMES RESEARCH CENTER, THE SIMULATORS MOTION 
cyStew PROVICES SIX DEGREES OF FREEDOM Th A THREE@MAN TRANSPBRT 
TYPE CAB. ThE FSAA'S MOST DRAMATIC FEATURE IS ITS UNIQUE 

102 Fr LATERAL TRAVELe RESEARCRr BPERATIONS BN ThE FSAA hAVE 
TTLUCEED INVESTIGATIONS RelLaTING Te THe DeveLePMENT BF IMPROVED 
FaSELING ual ITIEs AND alRu@r TM INESs CRrteRta FG LARGE vET 
TRANGRARTS, EVIDENCE SBTAINED SF TOTAL SIMULATOR PERFORMANCE 
INSTCatel That The FSAA WILL PR6VIC_e SIMULATION CaPaBILITIES 
Nerv Ber SRE AVAILABLE FOR AgheNalT iCal Peegfseh HOw THIS 
ey"LLaTAR IS CanqtReeL EO AND UpIL1IZeD IN COMBINATION WITH OTHER 
Cle PRACUCING CevyCes WILL Be SROWN, yhe PROBLEM AREAS 

gh CALnr_e Pel IN FAKING FSaa OPERATIONAL WILL ALSO Be DISCUSSED, 


(Al TRAR) 
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